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ABSTRACT. This papor raports on longitudinal study of ^hm acqutsitifn of tho voicing 
conWast in English word-initiai stop consonants,^ as maasurad by voica onsat timo. Four monolingual 
childran wars racordad at two waok intarvais, baginning whan tha chitdran -laroro about 1;6. Oa(a 
provido avidcnco for thraa ganoral stagas; (1) thfs child haa no contraat; (2) tho child hA a contrast 
but ono that fallf^tNn tha adult porcaptual boundarias of ona (Osualiy voicod) phonoma and thus, is 
presumably r^t porc^({tibio to^adults; and t3) tha child haa a contr^t that rasambloa tha adutt contrast* 
Tha rata and natura df iBltqavaiopmantal process Ka discussad b?iafly in ralation to two, comj 
modals*for phq^togicsTacquisitron and two hypottioaoa regarding tha skill^^soing loarned 
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1.0 Introduction 



' ■ ■ V ■ . 



This* pop^r ropoiis on a longitudinai study of th« acquisition of tho voicing contraat*in 
American-Engliah, ta ^avaalod through inatrumantai anaiyaia of voica onset timo charactortstica of 
word-initiai stop conaonanta. 

■ / • • 

AJthcfugh tha glottaf faaturaa raiatad to tha yptdhg contraat ara among the . moat 
controvorsiai jn contemporary phonologicM analysis (ChomsKy antf Hal|e 1968t 326*9; Udefoged 197^, 
7-22)» it \% generally agreed Jhat a lingJ phonologicai voice distinction in any language may coneiat of 
a numt)er^^ raiafiv^y independent phoritic componenta which nonetheiega teM to co^. Afnong aH 
the artic«atory and perceptual eiementa Vhich ara relevant to tha phonologkai voicing contraatt the 
one which haa probal>ly receded the moat attention is voice, onset time (VOT),Jhat interval between 
the reieaae of stop cloaure and the onaet of vocal fold vibratioa ^ « 

Usl^r and Abramaon ie their Seminal 1964 article claim that VOT ia tfie single, most reliable 
feature separating voiced, vetcabss stop cognate pairs in langiMgea of the wbrtd, regardleea of ttW 
conventional feature desighationa used in descriptions of those languagaa/ Amorjg the eleven langjitgee 
Ihey studied, three categoriea of VOT emerged: voicing lead wlWra voicing begina abo^t 75 to 125 
miilisecotids (ms) prior to burst raiaase; ^hort lag«jwhere xoidng begina from 0 to 25 ma after tbe 
releeae; and long lag where voicing begina 60 to 100 ma after the bursL The median veluea for iheee 
ringea ara -lOO ma, +10 ms and +75 ma raspecttvefy (LisKer end Abremaon 1964X In EngltR, the' 
voiced phoneme Is typically short lag (although some speaiters uae some amount of voicing lead), while 
the voice's'.ts ^hOf>mff%^ is clraractdriT^d by lorgJag. 

Because of the Usiw and Abramaon ciaim-*which \tk received substantial support from the 
findings of other raeearchers-Mhat VOT reliably diatlnguiahea voicing stop cognate peirs In initial 
position, and also becauae there s a li^f » H'arature documenting ^ VOT characteriatica of voicing in 
the speech of adult speakers of'Engii^ we have choaan VOT aa tha unit of anaiyaia for ou^/fltidy. We 
absume thea thet ae the child acquirea productive contrbl oW voidng. VOT veiue4 wil^ Change 
concomitantly over thia time period We wiil define the {^resumed goal to which the cMM ia prbgrdeaing 
aa thoae characteristics of adult EngKah stop phonemea deacribed In the literature in \mfjm of VOT. 
The aims of our study are to specify the temporal cheracteriatica of vety young children's stop 
productions, 1o de^mine the age at which childreh acquire the' voicing cpntreet in ElitKth and to 
document the proc^ by which it ia acquire^^ j • . 

■ - ■ ■ ■ •* ^ ■ i 

^^j^WHh rMp*et to th« af« at wWeh \Ym voi^coiArMt is acquirvd, |h«f« is wkb dtssfrWnwnt 
in th« cWld pftanok>f/litsratur«. Thstif* which EnfHsh tpsaWnf ehildrsn aequirs voicing in initial 
stops apparsntly may vary from l{3 t^ 2;S: 1;3 and l;4 (Moslin 1976)i t>y li and Ijll (two ^jscts in 
8«rton 1976){ (LsopoW 1947); g:l (Vsitsn 1943)t by TO. (ona^subM infiond and Wilsoit 1^ 1^ 
(Major 1976); 2-3 (Smith 1973). Oodd 1^76. i>por(k thst.fhra ehildran lonfar (nada any voidng 
arrors aftar tha «|a raiiga %5 to 2;11. Twp racant crou-«adionat studl^ shof - ttat many Enfliah- 
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spMkifig children acquire thit contrast by at least 2,-6 (Zlatin and KoenicfKnecht 1976$ and GMb*r1 
1977). A few studies of children acquiring languages other then English--4anguages wh^ have at leest 
a contrast between short and long lag stopsweport ages for. individual chHa^an aa\follows: li^ 
German (Lorenti. pers, commun.); I;7. Garo (Burling 1959); and Zfi, Hindi (Srivtstav^ 197^ specif iceir 
voici«ess, unaapirated by 1;1. prevoiced by 1;4. vpiceiess and voiced aapjritecl baigioning at Zfi). U,, 
1971 reports that Wee children acquiring Taiwaneae still made e\ors On the Ions leg sfooa at 2fi. 
The differencea between the findings of these studies no doubt in part stem from diffiiWKee in 
^ methodology (e^ the criterion adopted for datefmining 'acquisition*), but there are undoi^tedly M 
••eat some Individuel differences between the childrifv studied \ 

In contrast to the disagra^Miem on tfta age at which tha voicir« cOfttraat is acquired there is 
overwhelming agreement on wftiat type of v^ng^is uae^^first by children, jakobeoh in 4941 

• accurately observed lhat 'so long as stops \n child langjjaga art not split according to the beheyior of 
the glottiSt they are gener^ally pronounced as voicdlesS|and unespiratad" (1941/1968, 14). In aH the 
studies we surveyed the cWJdren studied first used shor^lag stops fi.e. Voicelees.and uneapirated* in 
JeKol>sbn's terminology). Kewley-Port and Preston 1974 claims that short 4ag stopa are used first 

^ bocliM they are articulately easier to coQ^rol than either lead or long lag stops. 

■. ■ ■ ■ . ■ ■ . . ■ . • 

, While the literature substantially demonatratea tfie, priONty of short lag stops, different 
studies provfde conflicting deta on the question of whether ot^en first acquire a voicing contraat in a 

- particular place of articulation (before other places)/and whether the rate of acquiaition, Once b^un, k% 
rapid >r slow as the voicing contrast spreads through aH places of articuiatioyi; aU worda and all types 
of sp#ech (04. spontaneous versus imitated speech). Towards our goal Of documenting the proceea of 
acquisition, we exemine stops a^#l three places of articulation^ in a variety of different* words, md in 
several types of speech, and we estamine developmental^ct»ngea in the data^or evidence supporting 

^ the two major^ycompeting modalT which have been advanced fo deacribe tbe ratq and cherecferietlcs of 
change in phonology acquiaitfon~tly 'across-the-board* model (Smith 1973) and (he Texlcel dlffuai^* 
model (Haieh 1972 i^nd Ferguson and Farweil 1975). in ordor to look h dslpth at the^ acquisition 
proceea, it wea necesaary to rastrfct our analysis to word-initial positioni thua^we wMi not provide data 
on whether voicing ia acquired differently in differant poeitlbna of the word^ 



2.1 Subjects 



Homa intsrvwws iwith prospwt^* tubjacts and tMr famiUM ww« conducted to dbtormino 
th« d«fr«« of coOfMf ttion, tha varM laval, ra^pooM to pktura book*, and app^iM<a voc»bul«y 
tiza and phonological tystam of tha ehildran. Four chiidran wara salactad to ba aubjacti boeauaa thay 
wara monolingual %p*iifx% of English with no siblings of school aga, thay wara producfiig at laaat soma 
initial stop words, thay showad avidanc* of normal languaga dovalopQiant, and thay appaarad to ba 
cooparativa. Tabia 1 givas paHinant data on four subjads. who wiH hara ba. idantif iad aa Tom, 



\ 



Tauat Jant and Jay^; aii subjacts ara chitdran of profaaaionai paranta aithar pna or both of whom h«v« 
advanced jd^grMS. . ' ^ ' \ 

Botl^ parents df al( the chiidfah axcapt Jana arirnativa spaaKars of Amartcan-English.* JaM*s 
mothar waa born in Canada but has spant tha laat $ix yfarslh t^alJnitad Statat, It waa not axp«ct#d 
fhat thii slight Canadian Kcent of Jana^s mother (which noticeably oniy affected some Coweta and tHe 
stresa of some words) would effect Jena's acquisition of voicing. None of the parents speak a lenguefe 
other than English in the hom< and none of tHa children had be«n expoaed to a language other then 
Engllah. - ' . . \ 
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Tom, Taaaa, Jane and Jay were using between 50 knd 190 worda at tty beginning of 
recording whan they were 1;6.24,^ U4.28, 1;6,19 and 1;7J' respectlywy (ages are given in yeers, monthe 
and dey^). Audiometric screening of jhe children waa done by. the staff of^ the Audioiogy Ciintc, 
Stanford Medicat Schogi; ail cNidren were assessed as having normal heading. ^ , ' 



2.1 Data cotfectton 
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The children were seen approximately every two weeM. for an eigM-month period' All the 
Children were^seen weekly for a short period of time at the beginning of the study. One subject/ Jey, 
was seen an extra three times after tha study had been officially ande{|^ Since Jay's family moved to 
Boston at the end of the study, the leat session waaVacorded, under ramparaWe recording conditione, 
at Boston University. Table 2 gives ti»e age and th^ numb^ of 'correct* stop«initiel words produced by 
each child on each aesaion. ^Correct* meana that the chiles production began with a stop of the seme 
place Oi arti^g^lion aa (he initisi siop in tha adult word ^ ' ^ 



Each simion waa combed in a high^ quality s6und*iaolated room (with aaaocieted control 
room) at the Stanford SeMch Reseerch Laboratory. Recordings wesr made on a Reviox A77 .tepe 

, recorder With a Sony Elect^t microphone wtMdi wee attached to a soft doth vest which the chHd wore. 
In moat caaeat- a -pMr^nt wae preeent All taating waa osnductad by the aame jsxpifrtmenteff a native 
speaker of-American-Cngfiah. The obeerver, who sat in tfie control room, ran (he tape recorder, took 
notes on the session* and kept a tally of the number of step-initiel wbrds produced by the child for ell 

'Six stop consonants. ' 

Sessions were between twenty and thirty minutea long. The goal for each seaaion wee to 
obtain at leeat fifteen totona for each stop consonant. The obaeryer wduid indicate towirda the end of 
the seeaion that 1 cemain number of words beginning with particular stops were needed The 
experimenter wpuld \hmn focus on wdrds t)eginning with those stops. This number waa eatimated to be 
the maximum number (fl tokena which we could reaeonaMy expect to obtairrirom children aged 1;6 aM 
the minimum number of tokena required for atatlatical analyaia. During the ferlieat seeaiona, it Aim 
difficult, however, to obtain ninety target itema (fifteen tokena per step) from three' of the four 
childrea\ * 
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Stimulut m«t#n«i$ included a s'pfciUiy conslructid stimulus booK* Imvs^sI chtldrsn's PKturmy^ 
books, a smaU wooden puzzis hU msdy small toys. Word lists were obtained frequently fr&m thi 
p%r%nt9; objects for or pictur^bf stop^tiai words that each child Knew were then addrd to' the 
stimuitjs rtiaterials. Cc<:asionally the parents broucht toys or books with which the^^NId wee femiUer. 
luring the SMsioTis the children played with the. toys, looked st Rictores, and ^ore enpouraf«ch to 
spMk. * ^ 

•'. ■ ' . . ■■ • . ■ • . 

S:r.ce we discovered thst ail the children *ua#d few g-initlai words (st hvest at the b^ginnirVf 
of the study) and that fewe^ pWnitiai than b-initiai words were used by at least some of th# chil^'en, 
we introduced s few words (04. g2iL Utt» ^ oenr^) wM<fi were then learned at some point by the 
cNldrea, Parttcularfy for g- and p^initial words, we relied heavily on the parents who Would either 
bring th4 chf|d*s toys (e.^. QiisV or would help us sf t up^ games which would eHdt s pertfeular word 
from^ individual child (e4^ drtvipg a car into a preteAd garage). The lexical asymmetries ior each 
child wlll^ discuss#4 in the results sections. In general, the- majority ht wor(k produced by the 
children were either single syllable words (of tbi^ form CVQ or two syilsW\w>rds with initial syHab^ 
stmt; in the earliest sessions, all the^childrtn produced more b*, d* and KWrHllei wOrde then worde^ 
beginning wfth p^, t* and g* (although the frequency, of d*.and t-initiai words was often simiiaf>)^ TVw 
instability of /p/ sfKi /g/ in stop systems of languigee of thq .wdrid has been discussed ky (aamkrelidze ) 
1975 and Fergusof? 1977. ^ ^ "* 

2.2 Data analysis • . 

i • . . ' ' 

All tapes were trsnscribed by s researcher usm • Revox A77 tape recorder and listening 
under: Super St*pro B*V hesd phones^ The tape script rind^ed ail words that tKe oMId^seid) however, 
only nhose.tw't^t words' that, the child said were phonetkaOy transcribed. Target words wereitboee 
that began with an initial singlitoii stop in the sduit model snd for* which the chUd produced s stop o< 

the correct pla^ of articulation (as jOdged by the trahscriber)*;* see Table 2 for hie total number of 
^uch words produced on each seseibn by iMh chHd fhr theie words, the inftlei phOM wei 
trsnscribed nerrowiy and the rest of the utteran^^igm^ifhat more br^oedly. The tranaaiiAion jyatefjp 
used rs thst of the' htemetionei Phonetic /Assodetion9?(h s supptementel symbetogy and'^ecrltic 
system devised by the Stanford Child Phonetics Workshop (Bush at at. 197^X ' 

■ • ■ , ' '. ■ 

Preceding con1e«^ and the glote were noted for productions. The. following systefh of 
classification was used for/aU tokens: S • spontsneous; I • imitatedi R • repeated (Le. a repetition of 
the child's own previous utterance); E - elM»ted (Ia the ^id*s response to a question, not containing 
the terget word, asked by *the experimenter)i and M • modified (Le. the cMtd's produetioe'of a wofd • 
spoken by the experimenter afttr some intervening speech either chHd- or iMuit-produ^ec^ 

Of the biweekly recorded sessions,* approximstely four.ancAor point seissione from eech 
subject were selected ior instnimentsl snalysis. the purpose behind seleding snchor poitMs wee to 
semple throughout 'tfie dots. Thus, ^h^ anchor pointa were at approximetely two month irrtervete, ^ 



b«f inning with th« first sttsions and tndin« with tha last onM. Howsv«r, in tiia tal'liMt tMsiof|i, not 
ail tho childr'tn p?oducod tho rtquisitt fiftMn toKont of tach stop consonant; for^ thas« chiktca^ 
first two or thrao sassiona wara combinad into ona anchor point if tha sassi^ had baan conductfd at 
cioaa tima intarvais. Thus, in soiw casaa^ dita f rom .savaral sassions wara collapa#d; thasa caa#i^^ara 
ciaarly idantif tad in lha tabla^ Whan two or mora saasions wara com b i nad, aquai proportions of stl|pa 
wara'taKan from'lach sassioa 

✓ ' *. ' • . ^* * ' 

. - * p. * • 

Wlda-band (and in soma c^baa, narrow-bind) spactro|rams wara mada of tha first fiftMiS) 
toi^ana of aa^ stpp typa on a Kay Sonofraph (modd 7029 AOC, with an'addad cuatom shapTng cir^uii 
12 db High fraquaricy pra-amphasis)). To achiava battar tamporal raapiution,*uttaraheaa wora 
racordad on ttU Kay in tha' Ii0-16K moda (which rasultad in a tima baaa of 41 ma par contimator and 
a scanning fiitar width of 600 Ht) and wara raproducad with scai« ma|nifiar sat at 0 to 501. 
Maaauramants of VOT wara mada at^ sama tima on a TaMronrx OsdUoscopa with storago capability 
(Typa 564), which was usad in conjunction with a locally dasignad ^ cohstructad triggaring systam. 
Oiractly following tha oacilloacopa maasuramant, VC^T was maaaurad on tha spactrogram(a). Wh«n tha 
oaciiloacopa and spactrogram maaauramants diffarad by mora than 3 ms, thb probitm Was ld«ntiflM^ 
and than rasolvad by furthar instrumantai andysta* In' ail casaa whara possibia tha tima scaia uaod^v^aa 
2 ma or 5*ma par cantimatar. in ganafal, if tha diffaranca batWaan tha two maaauramanta waa aqual to 
or lass than 3 ms, thay wara avaragad lo giva .v'in'U VOT yaiua. Howavai^ for VOT valuaa graatar than 
>50 m^ (t^4 casas in which tha tima scala had to ba sat at 10, 20 or S^Noft^r^ dh^ion), fina tima 
rasolutton waa' mora dif f icuTl on tha oaciiloscopa (dua to frnif compriaaion of tha signal in aach iimo 
division); and ^raata^ raiianca waa placad on tha spactrogram ma^MuTamant. Thi procaduraa for 
inatrumantal analysis and VOT maasuramant ara dascribad in datail in tha raport of our pilot study (soa 
, Huntineton at af. 197^;. \ ' ' 

If an uttaranca'prasantad a problam which tha rasaarchar could not sohra, sU spactrogrsfw- 
foif tha itam wora ^^tmr^i^^ at tha waakly group maatlngs whara Projact itaff (four to %ik parsona) . 
discussad and rasotvac tha problam. In tha faw^ caaas whara tha ttaO ^ould not raach unanimoua 
agraomant, tha uttarania waa not Indudad in tha atatlstlcai analysis. Tha bHttria for rajaction of an 
uttaranca from VOT maasuramant wara: *noisy' (a4^ clanging toys during tha child's production)! *voica 
ovarfay' (whara an^ adult's voica was suparimpoMd ovar tha child's and aacti ^ould not ratiably b# 
saparatad by narrow-band anafysis)! *no burst'; follovnng voicaiaas vowaT; ind 'continuous vOidnf' 
(whara voicing continuad uMntarruptad fi;pm tha child's praviously voicad sagmantX Laas than 7t of 
tha total sat of uttarancas from all childran wara rajactad 

; • . ; / * 

V Each author csrriod out Jp^transcription and instrumantai analysis for two subiacta. At ^ 
approrfimataiy lw6 nwnth intafyii^raliabillty chacks wara mada. For thasA chacKa, six itama wora " 
soloctad (usually tha first tokan of aach stop consonant on s tspo). Each author trainacribod, 
inatrumantaily anatyxad and maaaurad aach itami In savarai caaas,^ thf six itania had baon ari&tyzad by 
onf or tha othar author savarst n^ths praviously. Thus, tha comparison chadw indicatod both .intor* 
and intra- obsarvar raliability. In tha raiiability chack procadura (aa in tha rw%)A&r anaiyaia proc^dw), 
proviaion waa mada to allow an obaarvar Jto labal ahy uttaranca sa a probiam which should than bo 



ffmrr^d to the wMkly group mMtings. ThrM of the 35 reliability check items were identified^ae 
proMeim' by both authors indapendently. Excluding these three iteni^ the two authors agreed to 
witNn 6 ma on 97V of the item checked During the weekly group meetings, Project staff reeotved the 
problems for two of the three pro(>iem uttera^|>cas; ttia tNrd item was rejectadr 

^ ■ . ^ ^ ^' , ^ 

For eech child, aach anchor point ^as anaiyzed separately. Whan definitive VOT values were 
obtalr^ for fifteen tokens of aach of thJ^six stop conaonants, separata fraquency distributions were 
drawn and the maan, standard deviation-and range calculated Tests pf significance wereifcade of the 
differences between ^he mean VOT ot the voiced and voiceless phonenias at each place of articulation: 
Throughout^ the probabilities given are for one*tailed t*tests« Where F valuas are significant, separate 
variance estimatas are used; whera they are not significant, poo(ad variance astimatee are used Irr 
general, when the differences betwMn means wjire significant, they were htgMy stgniftcant/and when 
they were not si^hificant, they wera not' at alL close to iigHificanca. Since the distributions were nojt 
completely normal, in the few cases whare differences between .the means were, just significant, a non- 
par ametric test (the Manh*Whitney U tast) was also used: in all casea, fhis taat gave the same level Of 
significance as the parami|(fic t-test. ^ » 



If the differencas betwten the means for a voiced-voiceiess pair was significant at one 
anchor point but hot at the pracedmg point, the intervening sassiorts ware tnatrumentally analyzed Jo 
determine more pr^iseiy the point of change. If tha diffarencas batw^n the meaSns for a pair were 
not significant on contiguous sessions or anchor points, the data from these sessions were combined 
for additional statistical ahalysaa: Vttw diffarenca between the meana for each pair from the collapsed 
sessions wera comparad (one*tailed «t*tasts), and a two-way analysis of variance waa carried out. 
Thus, there are two separate cases in wNch'data from separate sessions were cotlapaed: (1) cases in 
which the child on aarly sassiortt^did not produca the raquisite fiftaan Jtokens per stopi and\2} cases in 
which the^'data did not shovr a insistent significant difference acroas several cpnfiguoua seeaiona. The 
<ftcision to collapse data in ihe later casei waa motivatacT by tha aasumption thrt if no signiftcent 
change occurred over the ti^ period, the data from that tima period rapraaented a single stage and 
'thus were comparable. 



3.0 Results 



^ Data from indfyiduai cNldren will be diacussed ii) aectiona 3.1 (Tom), a2.(Teaaa), 3^ (Jene) 
and 3.4 (Jay). Tabiea 3, 4, 5, ind S contain the mean VOT, number of* toMna, standard devfftlpn and 
ri^e of pro<Juctions fbf each slop conaonant on each session aneiyzed for aach of the childreh. AIM 
included in these tabiea are thf significance^ levels for tha dffferefKe between the meana for each ' 
voiced-voiceleas, pair fo^ each seeaion; signiftcanee ievak given are for one^ailed t^teats. Figurea I, 2, 
3 and 4 plot the range of ifKih^idual iokena^of each stOfM^naonant in each* seaaton of, Tom, Tease, Jane 
and Jay^rMP^tiveiy. The table and figure for aach chUd*s.data wiM appear in tha^approfKiate'aection. 
The discussion in section 4.0 vriU focus on the similaritiaa and differencea acroaa' children. ^ ' 
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^ kvthe following stctiont, refitrence will ba mada 1o primarily ttvM cititgoriM of data (ta^ma 

in quotation marks wilf ba givan pracisa dafrnitiona in tha fallowing paragraphs). CATEGORy L Data 

" show no avidanca for tha. acquisition of a contrast/ tha toKans for both tha voicad a^ vokala^ stopa 
fall within tha "short lag ragion" (and typically show tha sama ipcidanct of pravoictng)i and Jha 
diffaranca batwaan (ha maans for p$ck pair of stops not sjgnifitfaAtly diffarant, nor is thara. a 
consistant ralationahip batwaan tha* tmrnn such that ovar a numbar of sassiona^ 4ha maan for tha 
yoicalass stop js always longarThan tha maan. for tha voicad stop. CATEGORY* B. Data provida 
avltiatica for' tha acquisition of a contrast, which is, howavar, not adult-tlka: tha diffaranca batwaan tha 
maan VOT valuas of tH^^vaicad-voicalass stops m significant but tha maan VOT valuas for. both tha 
voicad and voidalass stops fall within tha adult parcaptui^ "phohama boundarias" for tha'^voi^ stop 
(Catagory II^A) or closa to withwn thasa bQuodarias (Catagory 11-6). Catagory H-A data^a partkufariy 

* intarasting bacausa t^ contrast that tha cMId is msKing is prasumabiy not parciptibia to adults. For 
Catagory 11-8 data, fduits would prasumabiy hava dj/ficulty racognizir^i tha contrast,, sif^ca^ tha majbrfty 
of voioalass stop t^Kans*t]|(ptcaliy fall within tha adult parcaptuai bound«rias for -tha voicad stop. 
CATEGORY III.. Data rasa/nblai "adult valuas": tha mfsns for tha child's voicad and voicaias# stops Ull 
within tha appropriata phoh^ boundarias; in Category M-A, tha maans f.or tha voicaiaaa stops (and 
usually tha voicad stops also) ara considaraUy longar than adult maana; and in Catfgory iU«8, tha' 
means for , tha vdiciJass stops (and tha voicad stops) ara shortanad back toward adult maans. It ^ 
appaars th^t "^thasa catsyorias may in fadt raflact thraa ganaral N^va|opmantal stagaa, o^darad aa 
prmsmnlmd (sae saction 4.0). , ^ ^ - 




Wa will adopt tha following cgnvantions for defining -tha *phOnatlc ,ragipns- on tha VOT 
continubw.; Tha "short lag ragion"^ will ba from^ 0 to j20 for laWal ank^vaolar stdps (foJIowinf^ 
Kawlay-Port and Praston 1974 (apicals only); and Zlatin^ind KoanigsKi^ac^'^1976 ilabials and apicala)), 
%nd from 0 to '^40 ms for valars (cf; Zlatin and Koanigsknacht I976X This dafinitton of short lag as 0 to 
>20 ms has baan adoptad to fa^iiit^ta diract comparison of our tfata to tha data in Kawiay-Pof t and 
Praston on which thay biisa thair claim ths^tha VOT valuas jfor a (Majority of productions by cWldran of 
tha aga wa ara studying will fall within tha short tag region. In addition, as daflned^it fits reeaonabfy 
wall with tha UsKar and Abramson dafirtition of short (01o>25 ms) and with tha range of short lag 
productions, reported by those authors for English: /b/ 0 to i% m^ /d/ 0 to >25 ms; /g/ 0 to >3S ma. 
We w^ll need to Vefar to t)fc "short lead r^ion" for^labiais and al.yeoiars; tWs region will be -20 to -1 
rns' (prevbiced valar stops wera axtramely rara). This short lead ragion; which is not pradsaly defined 
in an^ stij!by, coVresponds rougNy to the *hole just below zero" that UsKar and Abramaon state to b^ 
the one regron on thaf VOT continuum which is not utilized In voicing systems of languagaa of the wo^ld , 
The long lag ragUjn'^ will be +60 to +100 pts, and the "topg lead ragion" wiU be -125 to -75 mei^^' 
following the Lisker and Abramaon ganeral descriptions (1964X ^ / 

To mrrwo at some refefenCb point for the adult l^uaga to which the cNidren's data may be 
compared, we use the adult data rapoHad in Uator and Abramson 1964, Klatt 1975, 'and Zlatin 1974. 
Since these authors report slightly difierant mean VOT^aiuaa for each stop, wa will aaaume th^t a 
child's VOT main for a stop is "aduit-lika" if 'it tails within tha range of mean VOT values repbrted for / ' 
that stop in the" adult data: /b/ >1 to +11 ms; /d/ *5 to +17 ms; /g/ +21 to *27 ma; /p/ ^47 to +66 ma; * 
/t/ >67 ^to >75 ms; and /K/ >TO to ^85 ms. Secondarily, tha chikPs data will bejudgad aduit-tika. if the 



int«r-pi.«c« ralationship is consisUnt (i^ Isbiafs shortar than aivij^larst which ara shorter (han vfiara) 
and the child's voicad and voicaiaaa stops hava noif-ovarlapping rangas (a characteristic oTedlilt stope 
reported in somit bujt not ali studies). Presumably, coffiparabie adult data, (e^p fuUy converslticnei) 
.would show overlap between ranges; however, the 'children imist leeili to produce at leeaf fairly 
discrete cafigoriea, and to do sp, thay must reduce <if not elifupata) the number of extreme tokene. It^ 
waa not expected that any of tta childreA would show atl tlieae three cheracteristitk of adult s0e«tfu 



In disVisaing Category M-A'data, we will find it heipfui to diacusa the mean VOT vaiuee for 
the children's production data in relation to the "phoneme boundariafii" in adult^ perceptioa Simiier to 
the slight disparity between figures in reports on the njeih VOT >|fl^ of ^opa produced by adtAl 
English speakerst there is also some (Csagreenient ^ to the precise location of t^ boundary between 
the voi^ and voiceleas phoHfcmea the 501^ perceptual croas-over point) in the percepttbn 
literature on English. *Here, we will adopt a compromiae set of figures: 'fSO ma fbr labial and ^veoier 
phonemea; and +60 rns for the velar phonemes (cf. Liaker and Abramson I967b» Zlatiri I974| Raom and 
Lazarus 1974; and others). We do tWs in order to heve a rough idea of the way in which pn adult 
speaker of English would perceptuilly citegorize the early pr^xiuctiona of the children studied. SiQce 
this boundary is approximate, we will simply suggest thai, when the mesne for both child phonemee 
(and the VOT valuea forMhe majority of tokina) fall witNo or nearly within the boundirlee-of one adult 
phoneme, an ad^lt will mUmr fail tq perceive or at leaat have considlarable trouble consjiitontty l>eertng 
the contrast that the child in making. We will futher aaaume that anyadult would cat^orically. perceive 
the child's productiorte in.r^st caaea as^ belonging to the adult voi^ phoneme, and 4uueat that, since, 
^the child continues topimprov^ Ihis contraatTn the appropriate di^ction, it %pp99rs that the child doee 
so in thei abaenc*e of direct posiTtive reinforcement f rqm adulta. ' ^ ^ 

■ V ■ 1 ■ 
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Yet we usume that speakers of lany language may learn to^nodfy their pereeptti^ seta as 
an adjustment to the speech of unuauai sW^kars (a*g. foreign sjpeakers of English); or to unueuet^ 
^istehing circumstances (rg. as on a telephoke line). It li poaaible that*with repeeted ixpoaure taihe 
child's spe^h, a parent could learn to hearUhe child*s contraat. We assume thet there muet be . ^ 
limits to sucfi perceptual adjuatment. Fo^^ ex Upte, Wrsh 1959, Hifsh and Sherrkk 1961, Stivens* and 
Klatt 1974 and PIsoni 1977' claim that roughiy20 ma is t^ minimum amount of difference between the 
temporal onset of two. events--s&h as between a J>urst and the onset of voking^-required for a 
listener to judge the two events as se<|uentiai> a judgment which would be neceesary to the 
Identificetion of EngliaA pl^onemk voiceleaaneaa* If approximately 20 ma doealn fact repreeent the 
lower limit on the region of pei^ciived temper aT order sequence, it ^^d be impoe»lble for an edui 
(using only VOT as the perceptual cue)''to hear^ the contraat that Tessa,, for example, wee meMng 
between /b/ and /p/ on seaaipn. 6 when the VOT meena were >6.07 me and *IA.43 me Veepfectively 
^p-.029) and where SAX of ^Uvtokena fell witNn the 0 to *»-20 M rfnge. WNIe the^ paycho<-acouetic 
^is for the perception of voicing in initial position-{e4. the^*20 ms argument in Raon» 1977)*mey be 
diaputed, the categork^l nature of adult perception is not, and it ja uitimetely on tMa beaie thet we will 
aaaume there to be Ifrnifs to the perceptual modification poasiWe in neturel langciage uae situetioria. 

In these caaea wh^e the children wafe achieving a significant difference bet^eeft them^ene 



and yet whrnr^ both means fell within the perceptu^ boundaries for one adyit phoneirie (Category Z)f 
we--aa trained pi'ionetidans— do not belifve that We can^reiiabiy hear the contrast (except for thoee 
tokeos^ that fell weil outside the boufidary), and W0 were in fact suiH)rised by the rtouits.* Since VQT Is* 
only one 6f levernl acoustic cues for the p^rcaplipn of voicing in English* if is possibte that some other 
attribute (e4(. burst amptitude' or fundam^ntai frequei^y of the foltowii^ vowei, etc) could be feun^ in 
yih^ children's productions and imd by an adult to perceive the contraat; again, ji^e^can only repeat 
that we could not perceive Jhe differences. (Searlyt thdhperceptiWiity of these early *withip one adult « 
phoneme* contrasts requires further investigatioa^ ^'^ 'V 

To- ivaiuate these early conh'asts and^the similar (Vit^n one aduit^faMam!) cwas wliere 



over a large number of sessioranhe mean VOT for the aduit voiceless phon^^^BHIistently longer 
than and yet , not significantiy different from the mean for th^ voiced pRMRe, "we examined ttie 
variables of: (I) vowel heightr(2) stressi (3) individual^ Words; and (4) mode' of aUcifafion. Both a his^ 
vowel and a stressed vowel (variables 1 and 2 respectiveiy) have b4en reported by at least some 
researchers to lengthen the VOT of a preceding votceiess ^m. long lag) itop. and in> some cases to 
affect <he VQT of a pre^ng ikw^ lag stop (see Klatt 1975^ Smith 197% dn vowel height; and Usker 
and Abramson 1967a and Klatt, 1975 oij stress). Thelexicai diffuaion model of sound .change <cf. Cheh 
and Wang 1^75) may be interpreted to predict that when the voi^ contrast is beginning to emerge^ 
long lag values would be found first in a few words and then gradually spreadj^o dither lexical items; 
thus, the difference io the mean VQT between a voiced ai^ voiceless stop pair could be achiaved by 
^ 'pr 3 f^w individual words (variable 3). Barton 1976* found that for some childreh the ^voicing 

contrast viras correctly produced Jn /imitated^ utteran^es^ariier than in spontaneously prodbced 
utterances vVeriable 4). In all cases, no^correlatton was found: thus it is not the that the tor^er 
mean VOT values for the voiceless stops (in Category D) were ceused by a greater irKtder^e of 
voiceless stops iW stressed ahct7or hiigh vowel environments dr in .imitated productions, or by the' 
behevior of individual words. Throughout the corpus' for each child, tofcens for any particular word 
showed the s'arne range of VOT valiies as the general range of VOT values for the stop consonent as a 
whole (a few exceptions to the gen^r^al pattern will be discussed in the following seclionsV Of the four 
variables, str^ was largely irrelevant, since nearly afi^of the children's^ produ|^tions in these eerly 
stages were one wdrd utterances of initial syllsble stress ^(op words. We ^ondude then that such 
consistent differences (although small) b^itween theepean VQt]^ values for the vokelesa and voiced stops 
indicoto some attempt on the child^s.parT to diatiAgunib i^ production between the members of cognate 
19airs« These" anaiysss were done for data in Category lljand will be mentioned below where 
appropriate. Since no^ similar analyses 'Of data in Category M were carried out, we therefore do eot 
rule out the possibility that stress, 4or sxao^ple, may havie a significant effect on long lag stops. 

(n the following sections for each child, ws will disqjas the data for each ctiiid in relation to 
the three categories and in relation to tjie perception and productton^aractensfTcs of adult^ voicing 
described above; the mein goal will be to describe esch chiijl'a indhndusi path of deveiopfnent. In 
ad^tiocr, each sectioh wHI discuss pther characterlatica (in some cases, idiosyncratic) of sach cNlcTs 
productions, aa for sxample the distribution of initial stop wprds in the child's vocabulary (lexical 
aaymmetriea*). ^ '^ ot,^ ' 
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3.1 Tom 



At the begipnijrt^ of the study when Tom was l;6.24,.his date leveele^a bias towards words, 
beginning with /b/, /d/ and /K/ (iigures below are for the total number otdifferefit. words and tokefiji 
pro;||iced on seasons 1-3)! /b/- 12 words, 64 tokens; /p/ 6 ^ords, 1^ toKenst /d/ 7 >^rds, 40 toKepe; 
A/ 3 words, 6 tokens; /g/ 1 word, 2 tokens; /R/ 7 words, 26 lakens« The distribution was, howeviar, 
fairly even by session 7. Since not enoij^h toktins of /t/ and /g/ were collected from \bm first anchor 
point (sessions 1 through 3), sessions 4. and 5 were atoo analyzed Only the data from session 5 will 
be presented, since session 4 contained oMy 1 /g/ token and no Vt/ tokiina. 



Tom's data show evidence for a sigoificant votcipg contrast at all three places of articv^etlbn 
througFiout\theyStudy; al^vdufh the mean VOT vafue^ for voiced and voiceless stops gsually 
the appropriate short and long lag regions, there were some thanges over lime, 

., , ■ .■: • -.:'"//■ . , ' • , / 

^On sessions 1-3 (1;6^4 to IsZ.A thtfmean VOT values for /ptk/ are .considerably shbrter 
than adt4H mean values. (Category 11-6). The mean^T values for /b/ and /df are witMn the range of 
adult /b/\n<i fdf m<^an values (the mean r^r fb/ is '»'7.6 rh^ excluding negative VOT tokens). TorTs tiVo 
values for /g/ are similar to his means for fbf and /d/ but are considerably shorter than adult /g/ 
values would (Table 3). . ^ 




Although Tom's mean. VOT valuee are .no^ adult-like, there was very little overfap between 
the ranges for the vcMced and voiceless stops; and' Tom's contrasts were generally percep^ble to 
. adults. Only ^ive /p/ tokens fell in the^^hort tag region dkd six (40%) feii witNn the perceptual 
\ boundaries, for the aduK fb/ phoneme. For the aivedars, although there were only sh( /t/^okeng» 
there was overlap between the fd/ and /t/ VOT ranges; and none of the /t/.values fell in the short 
lag region; however^ three of the /t/ tokens (50%) fell within the adult perceptuel boundaries for /d// 
Similarly^ for the velars, although there^ were pnlV two /g/ tokens, both were short leg and only thr A 
6f fifteen /k/ tokens fell within the short lag range; howevef^ aTx /k/ to^^ens (40t) fell within the a4ult 
perceptual boundaries for /g/. (Figure 1). Thus, although the range of valuM for /p,tJ^A(up to *i*SS 
m, *106 me and *IA0 ms, respectively) show that Tom dearly had a'phonoiogicai voicing distinction, 
the fact that 40t or. 50V of all voiceless tokens fell within the adult voiced i^neme' perceptuel 
boundaries means that. Tom had not fully meatered productive oDntrol^ver void^ and it is likely the| 
adul't^ would label nearly half of his Voiceless' stopraSfbein| phonemically Voiced* (Category n«4); 
neerly half of his /p,t,k/ stops were in fact transcribed' as voic^|tess, unespirated i ^ . 

Data from sMsion'S (13.29) are very different: the mean VOT valuei for /tk/ are 
considprably longer than adult mean vaiiies (Category W-A) and' the mean VOT vaiuea fdf^/bdg/ likewise^ 
increased (T able 3). Thai mean (pr /p/ falls at the lower end of the range (^7 to s^S ma) reported for 
/p/ in the speech qf adults; since the mean for /p/ is wi|Nn the adult range, il^ shouid.be categorized 
as 1118. This case is one of two (see section' 3.2) that are axceptiona to the generei rule thet the child*s 
mean for a vpiceleea consonsnt shifts abruptly from Category l|B to Category {IIA (cf. the discussion in 
section 4). , . « , 
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Tabu 3> TOM; mm^vCft yluM, wtahmT of eotetna, it jpdt4 ,4tyi<tloti> md n 
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Data from sMfiont 6 throi^h 10 show that Tom is gradually shortaAing tha VOT valuM for 
/tk/ and Vd/* back toward adult -<ika valuas^^thi maanSi for./b/ apd /p/ incraaaa on a^iona 6-7 to 
vaiuM lonfar than addt vaiuaa (Catofory 'WA) and than dao^aM i>n swaion 10 (TaW* 3). 
Un#xp#ctadly, howavar, tha maan VOT for /%/ continued to Incraaaai such that oh s#aajona 6 and 7, it. 
fail naarly in tha p#r<^ptuij boundarias for adult A/ (ab. Abf«naon and Uaker 19&7b r apart 
approximataly ^40 m« aa tha boundary batwaan /g/ and A/ for adultsX By SMsion 15 (2;1.17)^ha 
last racdrding sMSion— , tha nfaana fqr most stops fall within tha appropriata short or (mod»f^0iy) 
long lag ragionsj howaw, his stops ara not compiataly adulHike. Fpr axampte, hia m«an for /p/ ia 
conaidarabiy shortar than an adult /p/ would ba^ whifa tha maana for /!/ and /k/ ara longw- than the 
ras^^iva adult maana would bf, Without dftta from subabquant months, it ia impoaaibto to determine 
what trend is bai^ astablishad Since sUxfias )of aduitf have shown that VOT vaiuaa for stops 
•embedded in sentancas ara shorter than' tha VOT values for^ stops in isolated words, it is reaaonable for 
Tom's VOT values to decreaae somewhat, since he wa| f^roducing increasingly longer sentencee aa he 
was maturing; thus, the pi jMJSibie hypothesis of the interaction of sentence length wkh stop VOT valuea 
would apply to the change seen in /p/ on session 15. However, the means for ft/ M /k/ (which hed. 
been decreasing since session 5} increased again oo session 15; whether th^ rapraaents what could be 
conaidered 'normal' fluciualttn within a single stagp or a significant devatdpmental ch^e cannoi^be 
Known. ^ 

^ ; • 

Whife there waa the change in meart VOT values described' above, iV waa- neveii^heieea true 
that throughout the study, mbst VOT vaiuaa for ail six stops fell within the percoptuai boundariee for 
tlyappropriate adult phonemes. For the voiced «ops, Tom produced some toKens with voicing l^ed 
(range *],04/-l); these prevoiced 'tokens ware usually for tha voiced laMal stop. There were very few 
tokens of the vpiced stops which fell in the adult voi<»leaa phoneape boundartea. In contraat to the 
restricted range for vi^ced stop productiona, tha voiceless stops showed great variabtiity: there wie a 
wide range of values that extended well into the short lig region and wail beyond the (eduft) long leg 
region. WNle there are jio pub(iahed adult data collected under completely comperable conditione Cum. 
fully conversational speech), it is probably that Tom's voicetesa stops exhibited grnter variabtiity ttwi 
abult data would. Thie* wide range of variability waa not due \o indhnduei lexical itrniia: indhnduel 
worda showed tlie^same range or VOT valuea aa wordai)^|inning wtth tha same initial atop. 

3.Z Tessa - , ' . ^ ^ . . ' * 



O) seaaion 1 when Teaaa waa 1^4.28, she waa using alightiy more b-, d- end k-initlel wordt 
than Worda begirtiing w«lh p-, t- or g- (figurea below are for the total' number of different worda and 
tokens produced on seaaion Ih /b/ 8 worda, 31 tokenai /p/ 3 worda, ^ tokenai /d/ 3 words, 24 
tokerta; /t/ 2 words, 12. tokens; /g/ 4 wo^ds, 7 tokens; /k/ 5 words, 19. :okena.^ Teeaa spontaneoualy 
produced a large number of utteraocea (see Table 2\ would freely and correctly regpond to qiieetiona 
designed to elictt stop-initial worda (and would alao imitate such words), and in general showed no 
evidence of deliberate avoidangi of particular word-typea; ihia siigi)t aaymmetry quickly daeppeared. 
The asyn<melry that did exist at the beginning waa not as otyvtous a factor in her acquiaition of voicing 
aa wea the lexical aaymmetry in Jane's data (aee section 3J). ^ 



• Tttt'a productd l«ad voiciin on /bp/ and /d/ on sMuon i: /b/ two tolwnti /p/ orw toKmn 
and /d/ fiv« tolillins. Afttr this saasion, only /b/ wha producad with laad voicing {rang* •d4/-5 mt}| th« 
( number of /b/ tokana producad with iaad voicing variad from ndina (out of IS tokana, SMaiona 8 and 
16), 1 (out, of 15, on both saasiona 6 and 7), 2 tout of 14, SMaion 11) to'l3 (out of 15» Maaion 3-4). 
Acrosa ail saaaiona and aU stopa, sixty parcant of ail pravoicad t^tana faU in tt^ short .laiad rogion (- 
20/-1 ma), an^nona wara'graatar than -^A ma. \ 

^ Tms« acquirtd a voiciiif ^trast first at ttw aivtoTir, than at thji labitl and finaiiy at ths 
v«iar plac# of ^ticulation; thrM stagts raflecting thia ordar ara da«^bad tMiow. in f«n«f al, Tmm's 
data|QtK)r« than Jan«*$) chan(« ovar iftaa moving irom Cafafory l^.throuf h Category M-A; tMa progfMS 
toward adult vaiuM is a gradual ona, covering about a four monfh jmriod. 



3.2{ Staga I (l;4^ to l^p3»»^ \ 



Stjiga 1 (sMsioiv 1 and 3^) in Tassa't data is ona- in. which aha haa-a contrast at th« 
aivaoiar (Catagory ll-A) but not at tha' labial of volar placas of . articulation (Catagory fX On sMsion i 
(1;4.28>, tha.maan VOX fbr /d/ is' significantly diffWant frotm tho moan for /I/ (Tablo 4X Furthor 
avfd^nca for a contrasi comas from tba distribution df load ^and long lag lokona: \)m only provotcad. 
toKona aro for /d/, and tha only tokana that fall outsida tha .short 1^^ ragion ara productiona of /t/ 
(Flgura 2X * 



For the labials on session 1, the mean for /p/ is Ktuaily less tNih the mean for /b/, and thir 
ranges for both ara similai^ On the sessions 3-4, the /p/ rhean is longer than that for /b/. ^Wthef 
difference is significant (TaWa 4X ThydifferenceiK mean VOTibetween p6/ and /p/ on seasiOM 3-4 ia 
larj[ely caused by one producU^ of biq^ ^lll ms. (f we etimmate Jhla token, the. mean and range for 
/p/ becomes much more simHar to thoae for /b/: /b/ ♦456' ma (range -34/425 me); /p/ ♦10.10 rrti 
(range ♦4/^28 ml This production of is the only one for this word In the corpus prior td^seeeion 
1 1 (Bin ^74) at which point all /p/ tokana fMI in the range ^32 to ♦176«ma. * 



Pia i^ «n exceptional utterance th^ session in thst no other -words are proiduald with 
long lag voicing until session 8 (Hgu^ 2X 'Th^^fW <H VOT for eia ^y ii^dkate thet this word yree a 
rexical exception (on session 3-4) to TsUatt |^ral rule for producing /p/ aa short leg in wNch ceee 
it mighl indicate the beginni^ of a wbrd4||^^ spreed of long lag voicing through her lexicon (cf.^ 
the lexical diffusion modeiX However^ throi^ghout Teaaa*ai|orpua, tokene for any particular^ word show 
the seme range of VOT vaiuea as the general range of VOT valuea for the stop c onso nan t aa a whoiet 
BlQt2i for example, waa produced aa both short 1^ {^ZO m^) jnd long lag (♦S? ma and ♦TS ma) on 
session 8 when tha range for p-worda (0/4107 ma) covered the shod to long l«g region aiao, SindTno 
other words were produced consistently sa an exception to the genaral patteme for a given stage, we 
conclude then that the long lag production of qiq waa acddentai or at least extra^systemic 
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On tession 1, \bmm h no cofftratt butwoon tho volar vo ko d- v oi col oaa stopo: tho difforonco 
tho rroan for /g/ and that for fXf is not sigml 
ono /K/ tokon fall within tho short iat/otion (Rf uro Zr 



botwoon tho rroan for /g/ and that for /}^/ is not sigr|^icant (Tabia 4V tnd aH /g/ tolwia and all but 



•I ' ^ 
.3^ Stago 2 (li7.6 to M3) 



During stago 2 (sossions ^ and 7X T#««a*s data show avidonco for a contraat botwoon /btp/ 
(CatHory H-A) and /drf/ (Catogory 8-6), but not for a contraat botwoon tho vo^ stopo:* Tho moon 
VOT valuoa and tho majority of tokona^for /b/ and /p/ on both soaaiona 6 and 7 faH wtthin tho 
porcoQtual bdundorios for tha adult vokod phonomo, so did tha moana for 7d:t/,durinf stago 1. Tho 
dffforonco^botwoon tho moan VOT valuos fpr /d/ and /I/ (soosion 7) is also significanti noto that tho 
moan )or /t/ fails just outstda ^ porcoptual boundarioo for tho adult voicod phonoii^ (Tabif . 4) On 
sossion 7, a mojority of tho tofcons for both /p/ and ?*/ fiH outsido tho .short lag rogion» wHilo noarty- 
ail toKona of //b/ aiW /d/ ara within this rogion (figuro 21 In soparafo analysiaa, no corroiatibn woo 
found tobifsin th^ longth in VOT of tho stopa and whothor tho stop'pr|codod a Mgh vowol or ooeurrod 
In ^ai/imitatoU productioni aU toKona waro of initial Mopa in strossod syUabloa. 

l^cQntraat^ tho difforonoa botwoon tho moan VOT vaiuos for /g/ and /k/ la hot aignificant 
iTablo 4), and th^ '••jonty pf^ t«*«^ /g/ (biit not for /K/) faHafor tho first timo outsido tho short 
lag rogion (cf. tho diatributibaof vjpr ^^^j^ on sosaion'l, ftgura 2X , ^ 

3,23 Stago 3 (1;7^7 to*t;9^) ^ 

On sMsion 8-(l;7J^ Tmm hw / contrMt tetwMn ttw vnif d <oic»l>ii stops at all thrM 
placM of articulation: Ow data for /b^/ faU in CatafOiV 1-6, thOM for /M/ m Catogory M-A and thOM 

for /gA/: in Category 1-8 (Tafala 4)^<' On SMsion;^!,, aH placM erf adicuiatkin show highiy 

significant diffarancas also (Catagory n-/^ for ali throo fitkemU . 

Hojovor, Taasa's stops ara not adult-W^ Tha m*^ VOT v«iun for /b/ (sossions 8,73 "nd 
for /d/ tsossions 7 and 8} and for /g/ (sassiona 7,tod 8) prograsaivoiy tAcroasMi. uauaUy as tho 
mmm VOt vaiua« for tha voicotoas stops inrrassa^^s a rssult, Taaaa's aoan vshMS for tho vokod 
stops ars mora sitwiar to adglt maan vaiuas fO|' thsao ^(opf on ssssion 1 than on sossion 8. Similarly, 
Tsssa's voicaiiMS stops'alao bscomo loss aduit bvof iimat /p/ (isaaion H\ fXI (sossions 8 and 11) 
and /K/ (sossion 11} ara considsraliiy longor thsn tha longost adult rnsans, whsross pr^yipusiy tho 
moans for thoso stops had baon gradu^My approaching tha sftortost o( thf» adult moans. Tho lock o< 
edrrsspond^nco botwson Tpssa's voicing systsm ao*-thal of adults is aiao shown by tho foUowing: on 
sossion 8, hor moan for /p/ falls nsady within tho. porcophial boundarior tor adult /b/ (8/15 tokons 2 
30 >ns), and Hor,/g/ inoan falls naarly within tho adoH /k/ ponophid tMundanoa (5/14 tokons 2 50 
ms)/ ' ^. 



The mtsn i(^r /KJ on s«t%»on 8 falU wilWn tht range (+70 to t86 ma) rtportad for /K/. in ttya 
fspMch of adults, ahd thoi^r$iiouitf'bo catago^izod aa Wa' Taaaa*s. /k/ mem on' this seaaion and 
Tom^a /p/ mean on seaaion 5 are the only caaea wTitch violate the, general progreaaion of deia through 
Oategortea IIB to IHA; in all othar caaea (i^ Teaaa'a /p/ and /kA Tom'a /t/>nd /k/ and Jane'a /pM/); 
the children's voiceieaa stop meana are initiatly shorter than }duit meena (IIB) and then conaider ably 
longer than adult meena (WAX Thm, in seven out o^ nine caaea, the stage-wiae nature df IIB fotlowed 
by IHA hdlds; in the remetntng two ^»aea, a ^enetti&n stna occurs (chronoiocicaliy) between HS and lUA 
;jiata*^ stage i{i whi^h the child's vtoiceleaa stop mean ia in fjKt aduit-tike Cia a atage techniciMy W 
in the pr%s4nX deacriptiva systemX The surprising naar<-abaence of such Iranaitten' date will be 
:uaaed in section 4.0. . ^ , . » 




An examination of |he range of productiona in Figure 3 showa that Teaaa*s /p/ tokene 
gradually move into the adult /p/ range^(aeaaiona 1 through 11) and that her /V and /k/ somewhat^ 
more quickly move ilfto the appropriate adult «angea. For all six consonanta, thf rangea of veluee are 
considerably larger than aduit rangea for the same stops; it appeara that Teaaa is in lome aeriee 
exploring phonetic space in her attarihpt b determine the appropriate phonetic targeta taee auction 
4.0i. 



Stage 3.24 Sta^ 4 (2^aO) 



F^or T^aa aa for ail the children, the final stage in the 'development Is one in which adult-like 
productions are achieved* For Tessa, the VOT mean and range for all six stops Category W*A, 
session li) must be sliortened back toward adult vtiuea. ^ ' 

How#v«r on set^ti 16 (2;0.iO>— the last tjiM sht w«t records!--, Itj* jiwah VOT wiuM for 
/plk/ ars longer then on seeeion 11 (Table 4). These mesne, which Ke coneidei^ lonfer tKsn aduit 
means would be, have incraseed as the ranges of tokens have increased (Figure 21. In pontraet, th* 
mean VOT values for /bdg/ have decreased, as compared with the reejiecth^ meana on sMsion 1 1 
(Table 4). The mean for ./d/ is within the adult range of mean VOT valufM (+6 ms lo +17 msX Th» 
shortening of the mean for /g/ is important: on session 16, the /g/ meen is weU witNn the aduit • 
perceptual boundariM for /%/ for the first time since session 1. 



3^3 Jane 



r%i\Jm sir 



Tabulation of ail stop-initial words produ^ on eadv session shows that Jane's sossiohs 1 
through 7 (1, -6. 19 to li&24) were characterized by a prapbndtranco of b-init(ai words (16 wordy 130 
tokens). Words beginning with p- and g- were comparatively uncommon: during the same time /Uriod, 
shsi.used only three p^nitial words (16 tokens) and only three f-inltial words^S tokens)i k-ini(i«words 
were more common t6 words and 23 tokensX On. session^ when she ^aa 1;9.1B, she v^te using 
rougWy equel numbors of all stop, words except for gonitis! wordet at this point she still only usod 



-22- - ^ 



thrM 
••ch 



suith words. By the next sMsion (wh«n she wm li^:7), she wm utir^ at least eight worde of 



In contrMt 40 \Ym l«xic«i atymm^tiy it th* labial and vdar p(acas 4( artkuiation, Vtm numb«r 
^ fre<^u#ncy of d- and t-4nitiaJ worda wara rougWy aquai pvar tiim. Although at th# t>«ginning, d^ 
and t-inttial words wera faw in numbar <four worda of aach typa) (and d-initiai words w^ro-producsd 
slightly rrorm oftan)» from sassions \ through 7, sha pr'oducad thsM words fra^uantly: fiva d-initial 
words (1^ toKans) and ntna t initial words <(24 (oKansX \^ • ' ; 

The abova pattarh of vocabulary acquiaition corratatad in an intarasting way- with Jano*a 
actiuisition of the ^etng contraat/ Sha first had a contrut of voicing at tho atvaofar placo of 
articulation, and tha i^umbor and fraquancy of.d- and Hfnitial worda wars approximatal^ aquai from tho 
boiinning. Sha acqutrad (ha contrast batwaan /b/ and /p/ on sassion 8-**a davotopmant wN^ waa 
acdpmpaniad by a lar^a^nicraaaa in tha rtumbNar and fraquancy of p^nitiai words; prior to s#ssiWn 8, the 
nunibor and^raquancy of >-iniHal words was^ifgnificantly graatar than that for p-jnitial words, and tho 
VOX valuaa for /p/ noarly aU fall in tha^ilt /b/ ranga as dSd tha VOT valuaa for /b/. On session 9, 
whan the^noff^bar and frequency of 8-i«4P incraasad substantially, tha difference batwMn the' 
mean VOT of /g/ and /k/ is significant for (he first time; prior lo tNs point (from sessions 1 to 8), Jafie 
used three g-initiat words (only & tokens) and seven K-initial words (38 tokens), and /g/ waa treated 
by Jane as if it were /k/ (cf. session 8 discussed below where ail 7g/ tokens are mpiJ^Xo the long laj| 
region at the same time that /ptk/ shift). ^ ^ ' t^. / 

Among the four subjtf^ts, Jane used the greatest amount of voicing lead. Hvoughout the 
study, 9t to 40t of ail /b/ tokens were prdduced with voicing lead From sessions 1 Wough 8, a 
similar proportion of /p/ tokens was produced with voicing lead (14% to^2dl}, but the iange for lead 
was considerably narrower (-35 to -6 ms) than tha range of lead for /b/ (-139 to/-2 ma), 
stopped producing /p/ #tth voicing lead after session 8, the session on which the /bippeei'fl^t wis 
acquired She began producing voicing lead on /d/ at sessions 4 and 5 and on /g/ on^seeaion Hi /t/ 
and /k/ were never produced with 'voicing lead The conaistency wittv which she fM^duced voicing leed 
on /b/, the use of long lead (in addition to short lead) and tha possible spread of voicing lead to /d/ 
and /g/ suiggest that Jsne may be one of the serbf English speakers that produce at leeat adme 
proportion of the voiced stops with vii^ng lead 

As^revioualy mentioned, Jane (like Tease) acquired /the voicing contrSat first at the etveoler, 
then at the labiai and finally at the velar place of artlculitioni thia deveiopmentai <o^der will be 
described as three stages in the foilowing discussion of her da^a. Unlike Teaaa however, dnly one aet 
of data (/d:t/, stage 1) fit Qrtegory H-A, and noneNflt into Cstefory ll-a ir^[|ontraar to the gradual 
progreasion oi^ votcaieas stop tokena into the long lag region seen in Teaaa> deta, the *same tradition 
in Janets data appears to be much more abrupt; however, thia-^abruptneea' may be partially dm to 
sampling interval* , , 
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The first stage in Jana*s data is one in^^hich her productiona siiow sqfM #vfdknce fOR a 
contr ast at .the afveoiar but not at the labiai or HMer plads of articuiation. Oi| sesaionf .1-3, .4-5^ 
6*7, the .mean Jor yt/ is always at laaat 8 ms. longer than the meap lor /d/ (TaJle 5), On sessions 1-3 
and ^6-7, the distribution of tokens for /t/ is different from that for /d/f. In the data from combing 
sessions 1-7, the (Afference between the means is significant (Tatye 5)i in a(|dttion to the one*tatied t- 
test, a two-way analysis of vsriancs was done which was also significant (ap«.01&X Note that the m#en 

^ for /t/ fails almost within the adult perceptuaf boundaries ^or the voiced phoneme (Tafcile 5), and that 
most tokens of /t/ fait witNn the adult perceptual boundaries for /d/^ (Rgure 3K In sepsrate aneiysee, 
we examined the VOT for all tokens in reiationshii> to« vowel height, stress and the variable 
Spontaneous-imtAted; no corrali^ion was found However, a few productions of two words were 

c-ynusuai. . , ' ^ , * • ^ 



On session 1 (U6.19), there were three /t/ tokens that were produced with long leg: ^SOL ^ 
. ms, A 18 ms; and tedt^ ^ ms; these tokens are unusual in that no other /t/ tokens <nor any /d/ 
tokens) were produced with long lag until session 8, at which point ail /t/ tokens, (and no fdf, tokens) 
were produced with long lag. The two productions of i2)C^ thb one of ted^ could be interpreted se 
evidence that Jane was correctly using long jag on at least these two words (cf. the lexitsi cttffuston 
model). This^xpianation seems unJikeiy l6r thm following reasons: was prdduced three timee on 
the ^ame lecsion with short to moderately long lag voicing (♦8 ms, -►ll ms and ^39 msh and one 
. production for a voiced stop (/b/) was produced wilh-long leg (sejwon 4*-53t*^ In adfeiition, the rangee for 

both /d/ and /t/ included a substantial proportion of t9kens in the moderately long lag' region eieoj^. . 
^ 35% of »the /d/ t(^na fall between >21 >nd ♦4a me, and 46X o( the /t/ tokens* fill betw.een ^21 and 
^^^^jj45 ms (sessions* 1-7). As in the i:ase of aitt in fossa's corpus, we conclude tWit the production of 
these long lag stops approximatety 3 moi.tU prior to the long lag stage doea^ indicate a significant 
lexical parameter at the phonetic level of VOT. « 



At sta^ 1 



(saestons 1-7), there is no avidence for a contraat between the tabipl or veier 
>honeme pairs: (1) the meana for both /b/ and /p/ on siuiona 1-3, 6^7 and 1-7 faH betwoon 0 and 
♦ 10 ms (well within the short lag regionh the combined 1-7 sessions show thst /b/ and /p/ are needy 
identical (cf. the meens and standard deviationa. Table 5)» and both /b/ and /p/ (oKena show nesHy the 
same incidence of prevoidng (Hgure 3}| (2)J^ meana for both /g/ and /k/ fail within the range 0^ 0 to 
♦52 me (Table 5), and the three /g/ tokena fail /Within the rangi for /k/ tokene (♦« to ^134 nrn, R^e 



3.32 Stage 2(13*15) 



^ Stage Z (session 8) is msrked by the acquiaition Of a contraat between /btp/, e htghiy 
significant difference betweep /d/ and /t/, the production of /ptk/ aa conaiatentiy tong leg stopa, and 
additional evidence for a laci^ of a coatraat between /g*/. On first glance, it appears that Ihe aHift of 
/ptk/ to the long (eg region occurs very abruptly. However, seaaion 8^ waa dSnducted three weeks 
after session 7 (due td^the chiid'a iitness). yWe aaauma then^hat sampling intervetVs at leeat pertielly 
responsibie for ^he appefrince of sudden change (cf. Taau's session 7 and 8 data which were 
coilected at a two week interval (Figure 2) and which show a lesa dramatic change). 
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Btttwem sMsion 7 and 8, Jme U^an^ producing at teast soim /p/ tolwis with long leg 
voici^ In (he production of p*«nitiat words for sesaion 8 (IM5\ we find thet<the only short leg 
veluee occur in'^productions of "old woras" (i^"^ those words which Jied been in her productive 
vocabulary since 1;6.19). Thesf words are B2a ^7 (once also >289 me), ei£ ^ ms; >9 ms, ^18 tm^ 
(once >137 ms) and bj^^^I^ <7 ms. AU other p-iniNai words produced on this session were "new" (ia 
produced for the first time) and all were producald witn long lag voicing (tS4/^l73 tmi Thie 
distribution of short fa| tokens b^ word typeTue. in otd words onl^) could, be interpreted es evidmce 
for the gradual spreed of long tag through the toxicoa However, eech of the new words wee produced 
only once; with more tokens, theso words may also hevg shown yariebiKty. 

^ By tWs semo session^ the VOT values for /t/ and /k/ also wove'^fei into the long lag region, 

and the meanr for all votceiess stops are considerably tonger than adult nieens (Cel9gory OI-AX Tho 
difference between the^ means for /t/ and /d/ is signtftcant, and the ranges are non-overiepping. In 
sontrast, the difference between the means for /k/ fnd /g/ is not significant; as Jene moved /k/ into ^ 
the. long lag regiorC she simiiady shifted /g/. The two words effectpd are: gi£i which hed boee 
produced with, a VQT of >29 ms on session 2 was produced as >68 ms on session 8; goat which hed 
been produced as >39 ms on session 7 was produced as >i42 ms and >i85 ms on session 8; toas (*^7 
ms on session 7) did not occur in the corpui for session & 

3-33 Stage 3 (IjlOJ) ' p 

. . On session 9, Jane*s productions for /g/ and /k/ show a significant difference (Category 

8}, and ranges do not overlap, ^s was accomplished by a shift of /g/ beck into the short 1^ 
regionJ' Whether tNs development constitutes pernptiMt learning, an advance in production or a 
^ reorganization at the phonologicai level cannot be known. To poeit phonologicai. organization as the 
source, one \4Md nanad to assume a priori (and in thijMnce of evidence) that Jane perceivod the 
^ phonological^and phonetic contrast behireen /g/ and /k^jn the adult language end, secondly, thet s ' 
generirt phonological constraint on the complexity of her own system allowed only a two-way voicing 
cofrfraet (/b:p/ and /d:tA The context*free phonologicai rulea needed would be: Stno It /t/^l 
/^ijjgi' Stage 2HtH^l /K/-^i and Stage 3, /g/-i(gl (whers;, in all three stegib, {g] mj 

voiceless, unasptrated and [k] is voidMess, asptrstedX Thi motivation for such a rule chenge isSiQclMr 
(given the assumption that the child's, perception is not s factor), and we know of no ceees in the 
literature where a cNM has s contraat, produces one member of tha peir correctly (/g/^ Stago D-and 
th#n loses the correct production <$tage 2), ejtcept in those caaes where a cont(ihct«%ensiHve nU hee 
boon added to the grammar. \Ma conclude then that it seems likely that the chenge in /g:k/. st stage 3 
Indicates thsi Jane hea perceptually learned Jo contrast^ /g/ ai|el /kA If the explanetion wore 
articulatory in nature, it would be difficult to explain why she initially moved ./g/ from the short lag to 
* the loftji iag region (^es^ion 8). . v 

<• • 

To tkwd additional light on this issue,^we retur^B the pettern of vocabulary acqCiisition ^ 
discussed st the beginning of this iectloa On session 8, when Jane shoyrs the first evidenco of- having 
^ . acquired /)>tp/, the number of p-4nitial\words in her productive voc^ary increaaed from three to 
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eight. Three weeks later, on session 9, when she shows the first evid|nce of having acquired /g:KA 
the number of g-initiai words aiHo increased from three to eight In cpntrast, the number and 
frequency of d-initiai worda were similar to the nuynber and frequency of tHnitiat worde throughout 
sessions 1 to 7 (where the difference between the means, when seeaione are coUapsed^ia signi^ent), 
and 1)0th d*- andL^nnitiai worda occun^ more frequently irf the corpua than cither p- or^g-initiel 
words. It should also be noted that not only the total number indhoduel p* and g-^mttel worde 
increased on sesaion 8 and 9 respectively, but the number tokens for^ both /p/ and /g/ similerty 
increased. At least two explanations are possible: aither Jsne did not secure the contrasts betwefn 
/btp/ and /g.-k/ until sess'ion 8 and 9 because she did not *Know' sufficient V ^ g-initisl' worde to 
recognize the contraat; or she perceived the differences between /btp/ and /gA/ sufficiently, well to 
'avoid* p- and g-ini ti/i^'werds, becsuse she knew she could hot proitounce these sounds' (cf . ^the 
phonologicaily motivated avoidance strategies in Ferguson and Farweil 1975X At leest jn the case of 
/g:KA the fojmer explanation seems most likely. 



3.34 Stage d (1;1 1.0 to 2;U6) 

Stage 4 (sessions 11- and 16) which had not been completed by the end oTSi< study, ' 
involves the mastery of aduit*like VOT values for each stop, iane Was making pr9greas towar^;ikf)i^ 
goal by Ihortenin^ the VOT values of /ptk/ and /bd/ (Category W-AX fn contrast, the mean for(2|/ 
unaxp«ctebiy increased such that )i once again fall within the adult perceptue^ boundaries for /k/. The 
long rrmin for /g/ (>54.14 ms) is caused by three values: goose -^164 ms,* and garbage 1-II6 ms and 
-^195 ms. Ail other values are s46 ms. On the same session goose wss alao produced as ^27 me; on 
the previous session analyzed (session 11), goose was produced as •►IS nte and garbage aa 4^ me* ' 
Thus, this change in the mean for /g/ (on session 16).wfi not caused by the idiosyncratic behavior of 
newly acquired word but is rather furiher uvtdence of the variability" with whi^kiodbdilMel words were 
produced. * \| ^ 

3.4 Jay - * 



Between the agel of 1;7 and Jay d$d not acquire a voicing ^tinctNin in initial position 
that waa discernible' to the adult eer. Almoat aH initiat atope were tranecribed ae voiceless and 
unaspirated; thire ^re very few errors of piece and these were ueuaUy attributable to aaaimilation. 
At the beginning^j^f recording, there was a marked lexical aaymmetry in his deta auch thet worde 
beginning with b-.'d* and k- predominated (figures below are for the total number of different worde 
and tokena produced on sessions i-3): /b/ 12 wordSr 44 tokened /p/ 3 words, 8 tokens; /d/ 6 words, 
20 tokens; /t/ 2 words, 5 tokens; /g/ 3 words, 4 tokens; A/ 8 words, 29 tokens: By session 9, the 
distribution was faiHy even. . * - 




* Jey*s data were analyzed in six anchor pointa. Thea^eauita ar#gt\ren in Table 6 and Rgure 
4. Throughout the study the VOT distriblitiona had baaicalty the same cheracteriatica. Since there ji^ee 
no apparent change over time, tn^ data for each stop consonant across ait sessiora werb coUapeed, and 
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thoM rMuits are also givan in Tabia ^ It will ba saan that tha majority of VOT vaiuoa for voiced and 
voicaiaaa stopa fait wit>%n tha short lag range, falong short lag to be 0 to ^20' ma for tabiaia aiid 
aiveolars and 0 to >40*ms for veiars, then 89.4t of sll tokens fall within the short lag ranges Over all 
three places of articulation, 94JBt of toMns feH within' the range 0 to >40 ma. Of the remainii^ tokena, 
L3% had VOT values greater then >40 ma and 3^ were produced with voicing lead Whiie moet of the^ 
tokeha in the range >20 ma occurred in productions for an adult voiceleaa phonemet aome were for an 
aduit voiced pHotWmet similarly, while most of the tokans produced with, voicing leed occurred tn words 
which began with an adult voiced phoneme, some were for the adult voiceleaa phoneme. The leed 
toKena were spread throughout the rartge from -l.to -140 ma. ^ 

Although Jay didji^ seemio acquire a voicing extinction, there ^e some anchor points on 
which the differences between the meen VOT vakiea correapon^ to adult voiced^voicelte atope 
ware sunif icanL As Figure 4 shows, the significance on these sessions could not be attributed to 
outlyingVoT values^ The data can beat be discussed by looking at the three placee of articulation 
separately^ ^ - # 



LABIALS. There was never a significiht difference between the mean VOT vakiee foi: /bq»/. 
In four of the six anchor points, the differenea was in the expected direction the meen for /p/ \t 
greater than the mean for fb/\ but in the remaining two anchor points, the tffference wee In the 
opposite directioa In the dat^ from the combined sessions I'-iS; the meen for /b/ waa not aignificently 
different from the mean for /p/ (Table 6^ Siixe Jay*s labial data show ne evidence for a contraat, they 
fit into Category 1. There were nine exampiea of >^ng iefd (she for /b/, three for /p/ Rgure 4),-aQd 
nine exampiea of continuous voicing (all but one in /b/ tokenaX There were more tokenaArodueed 
With lead and continuoua voicing towards tha end of tbe stuidy. . ^ 

T 

ALVtOLARS. -On fii the anchor points, the mean for /t/ was longer ttmi the meen fbr-/dA 
the difference betMreen the means waa significant on two oceaaiona (setnona 1-6 and seeaiona 7-8» . 
Category li-A). Furthermore; when sessions 1-19 were coetbtped, there wes a significant difference ^ 
between the mean VOT valuea (Table 6); in addition to the one*taHed t-teat, a.two^ay anelyaia of 
variance wasr carried opt and was also significant (sp-i.Oll^ There were eight exaiwplae Of voicing 
lead: 2 toKen^ of /d/* on se»ion 18( 3 /d/ tokena on season 19; 1 /t/ token on seeaion 1:61 and^ /t/ 
toKena on session 19 tPtgure 4)l There were also thirteen e xamp iea of confinueua voicing: 1 /d/itoken 
on ^ion 18;^ 12 /d/ tokena dn seaaion 19. i 



' VELARS. Aa with the shears, the relationahip between the meena for the . voiced and 
voiceloM stopa wes such that th« mean VOT. value for the v o i c ele aa stop waa.aNrays longer than the 
^mean for the voiced stop, except oh s e ssi o n ^9 where the Nro meana were nearly identiceL The 
difference between the meena was significant. on Nro anchor points {seaaiona4*6 and aeaaion*18). For 
the combined sessions 1-19, both the one-tailed t-teat (TaWe 6} and a two-way analyaie oT'^ance 
(sp«.021) showed tha difference between the /|/ and /k/ mean VOT vaiuea to be significant (Category 
R-AX There were two exampiea of voicing lead: 1 /k/ token on seaaion 11 and 1 ^g/ toke^i on seeaion 
18. There were five instances of continuous voicing! 1 /g/ token and 4 /k/ iokena, sll on session. 19. 
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For both alvMlars and v«l«ri thtf% ov^raU th«r« was a stgnificapt difftrtnea b«twMn th« 
m^ans for tha voiced and votcalMr stops; rwvsrthaiaM thars was dThigh dtgrsa of overlap b^twMn 
tht rangts, and most totons of both voicfd and voicaisst stops fail within tho short lag rations. 
Bafora concluding that was attampting to produca a voicing diatinction batwaari /dst/ and /gA/ but 
was unsbto to raproducs an adoiNii^ contrast^ wa invastigatad savar ai othar vaHalyteir that potontiaUy 
<:ouid havo affactad tha rasutts. Wa looted at tha poi^aibia affact of vowai hatghti straaa* individijai 
J«xicai itams, and mods of alicttatioa Nona of thasa viriabias sppaarad to show stgntficant diffar^ncM. ^ 

y Wa also considarpd tha possibility that soina systamatk axp ari m antf bias could hava 

tnfluancad tha maasuramant of voicad and voicaiass tokans. Howavar» this saawd unUkaJy for two . ' 
raaions. First, whan wa bagsn tha study wa did not axpact tha chiidran to hava 9 voicing contrast in 
thair^spaach^nd wa aspaciaity did not axpact to find consistant diffarancos in VOT vsiuos for short lag 
productions of tha voicad and voicaiass stops; howavar^ fha dtffarancas found in alvoolM'S and in vaiars 
wof a pr%$mnt from tha lUginntng^ Tha sacond rasaon why axpa|miantaf bias is an uniii^ly axpianation 
is that thora was navtr a significant diffaranca batwaan tha laUai voicad and voicaiosa stopa; it is 
rathar tmpiausibia that such a bias would affact piacas of articulation dHfarantiaUyJ^ 

' Wa tharafora conciuda: (1) that ^y was attampting to produea a diffaranco balwaon tha 

voicad and voicaiass phonamas at at laast two piacas of articulation (Catagory I1-AH (4> that tha 
contrast ha was maintatntng faU witNn tha adult voicad phonama boundarias and thua would not bo. 
parcapttbio to adult spaakars; and (3) that without instrumantal analysis of a larga numbar of 
uttsrancas, no avjdencSc.^uuld hava baan found to indicata that ha had a phonoiogicai voicing contraat 
at th«aa two piacas of articuiatioa 
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Uniika tha bthar chiidran who aa aarty as 1;5 or i;7 bagan to produca ^aoma aduit-UKo 
voicaiass stops. Jay had not acquirad an adult-Hka voicing contrast by tha and of tha study, whon'ho^ 
WM 2;4.t Thuf, ha will ba at laast 1 1 months oidar than our youngaW child whan ha bogina producing 
long Ibg voicing for /ptK/. In othar ispacts of languaga davaiopmant waa comparaWo to tha othar 
chtldr^rn-in tha total numbar of dffarant worda ha uaafi and tha numbbr of toiwia ha produced por 
sossion (saa Tabia 2) ha waa similar to tha othar chiidran (aapadally^^ to Janak To cotapara tha chiidran 
to aach othar on ganar^ languaga davaiopmant wa roughly computad M^l (mm length of uttaranco), 
following Brown i973,'' 



^1 four chiidran had. a MLU of 1.0 on. thair raapactiya first sossiorai for Toasa thia roao 
abova 1.0 on har third sassion (aga lA.lSk for^Jana on har sacond saaaion (1;&22); for Tom 'on hia 
fourth sassidn (U72ilH and for Jay on his fifth saaaion (IHAX Tom tharafora had an MLU of i.O whan 
ha had a higNy significant voi^ dwtinction at aU thraa piacas of artkulatipn (aaaaion 1). Taaaa had 
an MLU of about 1.93 whan sha had thasa diftihctions (sassign S\ snd Jana had an MLU of about 1J7 
whan sha had thasa distinction^ (sassion 9X On his last full sasslont Jay had sn MLU of 2.23: it saoma 
thon thst his i%mr9i Isnguaga dfvalopmant (as massurad by MLU) at tha and of tha study ^ ahaad 
of tha ganorai languaga davaiopmant of tha ofhar chiidran at tha stagas M which' thay icquirad 

rougMy adult-Uka voidng contrasts. * 

9 . • »- ' 
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Cteariy, it is not tht cm that MLU corrtlatM diractty with th« acquisition of voidng: ths 
data from Tom, Tassa and Jsfw sho%lf that MLU may ,yary from 1.0 to 133 at tha^ tinm at which a fairly 
adirit^ika voicing contrast is produced at ail thrao piacas of articulatiofv (cf* Bond and Wilaon 1977\ 
Howmvmr, wa pr^nt data to show that Jay waa prograssinf normaily with rasptct to f«n«ral 
langauga d^vatopm^nt; it h also triw that in othar phonolofical aapocts ha was profrMsing normaliy 
(•^ h# usad at l«aat ona fricatf^ Cm iw^al and final poaitions), a poatVfmi)c /r/, a«v«cai final position 
consonants ciustars, and many poiy-syliabic wordaK Sinca th» aga ranga raportad in tha litaraturo for 
tho^ a^usition of tha voicing contrast (1;4 to 2*3) it ^ quit« larga, wo condudo that it is poasiblo 
that J^y is ]g\tb$n th« ranga of individual diffaroocos which can ba considorad normal for tha acquisition 
of voicing in English.'^ ^ 



4.0 Discussion - 

* • 

In this ssction, tha data wiit bo raviawed in ordar to charactoriza tha gsrtaral atag^ (4wl} 
and to provida a briof summary of , othar major findings (4.4X In addition, tha data will bo oxaminod for 
avidoncsv which shad light on tho natura of tha skiils baing acquirad and tho procoss of Chongo 
within aach chtid^s systam as raiatad to two major modate for acquisition (AJ3X 



To factlitato OMnparison of tha four subjacts, soma data from soction 3.0 ana r^paatod haro 
in Figura 5. This figura plots tha change ov«r tima jn maan VOT valuaa for aach stop for aach child 
For refaranca points, tha adult p^rcoptual phonama boundaries and tha adult moan VOT valuaa for oach 
stop ara also includad in tha figura* To jvoid unnacassariiy complicating tha ftgura, only on« moan VOT 
value for aach adult itop is gtvon; thaso maan VOT valuta ai'a from Usfcor and Abramaon 1964 (but 
'^ta that LisKor and Abramaon maant for tha voicad pho n a m a a axdudo negativo VOt valuoa, 
wharaas tho moans giyan for tho chHdran, in soma caaoa, induda nagath^ vahiaaX For oocfi ctiiid» tho 
VOT rmana ara praaontad separately^ by place and in left-to-rtght order for labial, alveoler and^ voter 
stop pairs. Beneath aach set of meana are the iession(s) from which the mesne come and the cetof ory 
in which they fail. In tNa section, the dkcuasion wiil refer to data praaented in Figura 5 unloee 
otherwise noted. 

4.LStagea to the acquiai^ion of voicing aa seen m theae data ^ ' j 

■ - jj- 

sfe 



In general, the pattern which emerges from the data is one in which there are ttveo slegoe 

to the acquisition of voicing: 0) the child has no contraat (Category IX (I) the child hea a contraat but 
one which falla within or nearly within the perceptual boundariaa of one adult phoneme (Categories hW 
and ll-ex (W) the child haa a contraat which raeoaiMea the adult contreat (Calegoriee H-A and W*8). ^ 

STAGE L In stage 1, the child produces pradoMnetely' short lag stopa (cf. alao Kewloy-Port 
and Prefton 1974). Short voicing lead win be pr^|uced occasionalf^ for either adult voiced or 
voiceioaa phonemea. Similarty, long lag vokmg if produced at all ^appears in productiona ^ either ad|ult , 
voiced or voiceioaa stops. 
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nrir» 3, Chift la VOT mmn qy»r ci— ^ for ttcfa $coy^*by child. 
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STA(jE iL In sti|9 I, tt}« chtid is stW produdnf most $to0« with short lag V9ia0|^how«v^, 
for tho first timo, thf tnosn VQT for^^ths sdbit voicoMss stop is consistsntiyjonc^f across sovorai pdirito 
in timo than ths moan VQT for tha aduit voicod s^op.' Oapondint on tha,^|Mid» Lai^osuiting dffforanca 
botwaon iho maana is atthar conststantiy stgnificant (Tassa) or sigmficant on s^^saaaiona but not on 
othors (Jano and JayX Chiidran also diffar in how thay changa tha voicotaas stofis during this stags: 
-Tossa gradually longthonad thfi VOT of hor voicalfMs litops (and thoraby. incroaaod tho contrgat 
b«twam tho voicod and voicaiass stopaX wNiat iana and Jay not During thia stfgo, tho^chtid 
typkaily producos short voicing load and continuoua >>oidnt on adult voicod stops only, .and may. bogin 
to product somo aduit voicaioss stops with tmodarataiy) long lag voi^ ) 

/ 

Tho stago IKA) data ara intaraating in that tha contraat that tho^hiid ia iMintaining wao not 
notod by tho tranacribors and is praaumably not (^orcofStiMo to adults ifi gonoraL* Oaan and Huntington 
1976 roport a similar casa: whon tha phonomicaUy voicoloas stop productions of aabphagai spotters 
woro axaminod spoctrographicaily, a statisticaUy significanf rHjmbor:waro dtetinet (in tho approprM« 
VOT direction) from (hair producliona of phonpaiieaily voicod stops^ listonors, how«yor, proddminontiy 
laiMilod all productiona as N/oicod*. In fiva saparata dialodr studtes, Labov at aL 1972 fouridl thot 
spoakors, as for axampio in TiUtngham (EssoxX consistantty litedo smaH dmoroncaa m thotr own ipoacti 
which sorvod to maintain tho idontity of word dassos,^^ 4hft thoaa soma Ipoikars coutd-^t labol 
th^ diff|roncas on conscious raflocttOn (in mmnal pa^and in commutatiofl toataK otthor in thotr own 
spooch 01^ tho spooch of othars from tho samo dialoct araa. Thoao authors ^^pnchido that "intuitive 
judgmonts of 'samo' or 'difforant* ara not nacoaaariiy 'a rafiaMo baao on which to build a thoory of 
phonological dovolopmont' (Labov at al. 1372, 254K Tha 'phonoiogicai davolopm an t* ra|orrod to horo Jo 
historical changa, but tho qommont aquaily appiias, partlculariy in tho proaant contoxt, to phondiogicol 
changa in chiidran. Tho raaults of tho praaont study dourly thow that^ in at iooat aomo coaoo, tho 
juc^riiont^ of aduits may not captura stgnif^ant facts about tha child*s syatam and that spoctrogrophle 
analysis can provido insight in prodsaiy thoao araas whara aduit porcoption faila. 



STAGE Ht At tha boginning of staga !»- tha chiid ta producmg adult YOicoioaa stops with 
axtramoly long lag voicing: tha moan VQT valuoa for tha voicoloas stopa ara conaidoraMy longor than 
adult moana would bo. Moaiin 1976 (raporting on hiyo chiMron approxifoatoty *1;4) and Qibort 1977 
(roporting on data from childron agos 2i7 to 3t3)/aiao found that chiMron'a voicoiosa stop moano aro 
longar than adult moana would bo. ZIat|n and Koofiigsknacht 1976 roport that two-yoar-oMa (agoo Zfi 
to 3|0} and six-yoor-olds (agos 6fl to 6tll) produco shortM' mopn^VOT vaiuaa^tor nicalaai atopa than 
do ai^ts. ^ ^ ' ' \ 



In gonorsi* aa th^ moana for tho voi ca la aa stops changOt tho moons for tho voicajd stop* aiao 
«ifi^a in tha samo diractioo, thua froquontiy bocoming loaa UKo addt voicod stop moana ttwvin aoriior 
stagoai thia tandom rolationship holds trya for moat^changoa in stago I ataa Thuai tho cMMron appoar 
to bo in somo sonao axploring phonotic spaca, poaaU>ly bocauao thay aro not sura of tho procioo torgot 
for tho voicod and voi col o aa stops (although thoy havo a ral^tWo notion^ of tha approprioto dlatoncf 
botwaon thd two mombors of a pair) or poaaibly simply bocauao thay cannot control thoir productiona. 
Moslin and NIgro 1976 raporit that for /)/ 4n tha spooch of aduit*to-<hild, tho VOT voluoa aro 
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contWerably longer then the VOT values (for /t/) in the speech of sdult-to-edult. Thus, our subjects 
may be attempting to match the longer VOT values that occur in the input they heer. Sinde, however, 
Mosiin and Mgro also report shorter VOrs for /d/ in adult <to-child as compsretf to edult-to*eduit 
discourser we would need some othec explanation (e^. exploring phonetic spece). to explain why our 
subjects increase the VOT values for the adult voiced phonemes. In contrast to the Moslin and f^gro 
1976 resuitsi Seran, Zlatin Laufer and Oaniloff 1377 found that for their three adult femele speekers 
there were, overall, no significant differ^n^ between adylt^directed and child«directed conversetioni 
Bsran et ai. found significant differences only between citatiohal forma and conversationai speech. 

In this stage, the child's voicelesi^op ^sVibutions are wide^ and flat, wit^i extreme- velMes at 
times exceeding ^TSa m|. The VQT values for the voiced stops generally duster in th^ short leg 
region, with a few valuesirf both the shoft and the Idng lead regions, acvd -the range generally overlepe 
1^ with the range of VOT values for the corresponding voiceless stop. 

- > ' * 

Latei^in stage W, the child begins tp shorten the VOT for both the voiced and v^eless stops 
back toward the^ adult values: extreme values are pro^iced less offen. None of the children 
consistently achieved non-overlapping ranges, although the psrtialjduatering of VOT values provides 
^evidence for ths improved discreteness of the voicing categories. ^m'sII, the labial stops are sho^r 
then t>ie alveolar stOfM^ which in turn ar^ shorter than the ve^ stops. Only one child (Tom) wee 
producing all thrj^ stop ^rs in a fairly adult-like mannfr. 



The transition between stagea is in a gradual one: over a two to four month period 

(1;7 to 1;9, Tom; 1;3 to 1;9, Tessa; and 1;7 to4;10 JaneK the cNId leama to produce the votcelefa stops 
consistently with long lag voidngl However, the transition from stage H to stage til occurs feirty 
abruptly: the mohth^and a half interval between sessions ^ and 5 shows more change in Tom*s date 
than any subsequent similar period and simiiariy for the three week interval between Jene*^ sessions 7 
and 8 compared to any preceding or subsequent three week interval (Figure 5). Tease's alveoler date 
show the discontinuity between stages R and H most cleariy: in the ten weeKa between seesions 1 an^ 
7, the mean for /t/ increaaed 18 ma, while in two we^ between seaaiona 7 and 8 (stages H end in 
respectively), the meen for^/t/ increased 59 m (Hgure 5X ^ . 



4^ ^lypotheses on the^skiH being acquired 



At issue here then is whether the changea in VOT sesn in these data reflect the developfnent 
of a single homo|;eneous skill or the interaction of two (or' more) phonetic skiHs. W^^VixtX case, the 
cMId mey be viewed aa achieving a contraat ^ progrees«ve(y lengthening the VQ^gf ^ volceieee 
stops; in the second view, the child woeid tM achieving a contraat by fifst using one phonetic 
component (stage 10 and subsequently adding a second phonetic cd mpotie i it {stage M), both of which 
result in differences in VOT. The case for skW interaction ia strengthened by the follo%ring: for the 
most pert (i4i. in seven out of nine esses), there^is no trsnsition stage (i4i. between stagee M9 and WA) 
in which the meen VOT valuea f^r the voiceless stops fall within the range for adult meen VOT veluee 
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for /ptK/ (cf. sections ai and a2X If wt mume tht chtldrtn to b« using a simpU algorithm *longth#n 
VOT for tho votcaioss stops*, tbtn wt hava 1ha unusual situation in wWch an antirt rangt of th# VOT 
continuum has bs#n $Wpp#d-^tht r anga which is moroovar lha praciss rango of adult vaiUM* 

If the child Is uniformly attempting to lengthen tha ^OT of the votcelees stops, it would be 
reasonable to assume thst 'the abruptness of tha change between stagW l» and lU, and thus the 
appearance of discontinuity, are largely cauaed by sampling interval.. It may be that |^ the point at 
which the child begins to produce voiceless stops with Jong lag voicing, changes occur ftirly^ rapidly' in 
the child's production; in which caae, a two week recortfng intervaJ (and obvtouely a three and Jour 
week interval also) is too great a time interval to shpw the full curve of progressively longer mien VOT 
valuee.^ C;ertainly, ths| devs^pment of many m^|orsKiJU show faster sKill improvement at some time 
periods'' )hsn at others. Similarly, the acquisitionoT many motor slulis ^how learning curves similar to 
that^hown in these data: a stage showing a gradual increaae toward the target, (stage H) followed by a 
stage in which the target is over-shot (stage W-A). ^ ^ - 



However, it may be that z discontinutty does exist in the children^ development such that 
stages II and HI represent the acquisition of different underlying skills. In tNs view, stage HI could 
^ correspond to the child's acquisition of the kpiration component of adult voiceless stops, wherees 
during the previous stage, the child was .ustPp a dlffarant phonetic component to distinguish adult 
voiced*votcaiess stops. Leopold (1947) says tNt his"^ daughter acquired the voiced-voiceless contrast 
at His daughter's, Contrast was not adulHike however: in Hildegarcfs speech, the adult 'votdng* 
contrast was marked by the prmtmKm (in voiceless stops) ^ absence Gn voiced stops) of "energetic 
release". In our data, late stage H (since earty state H is presumebiy not perceptible) mey be simtler to 
the "energetic ralefce^tage described by Leopoid; if this were the case, the children in stage H would 
be separating stops on the basie of a feature like ^tansen^ps' (or burst ampKtiideX Another possibility 
would be ih'dl stage H data repre^t the chii<^en*s attempt 1o reproduce solely the first ferment 
differences between adult voiced and voiceless stops (note that the meen VOT valuee for the votceleee 
stops in stage H (A and 8) data range from ♦lO ma to >40 ms» the appToximete aree'of ^bpck in 
adult voiceless stops). ^ 

^ ■ . , I 

The crucial difference between the two hypotheses is the foHowtng: the single skill 
hypothesis assumes thet the chiM recognizes the temporal differences between voiced and votceleee 
stops and attempts to achieve this contraat by progressively lengthening the VOT of the voi^alees 
stops; the skill interaction hypotheaia assumes thet the child haa broken the voicing contraat down into 
two (or more) fairly distinci ^ceptual components and that in stage one the child is. attempting to 
match one component and in stage Two chenges his or her productions to'^incorporate the second 
component. The first hypothesis would predtet thet changes in VOT over time would show a 
progressk>n through the complete VOT 'continuum, wherees the second hypotheeis would predict a 
qualitative break in the changes in VOT at'sOme poir^t on the ooNlnuum. Since the virtuel absence of 
transition data in the range for adult /ptk/wneans msy-be dua to sampling interval, and since chengee 
could occur fairly abruptly \A either the single skill or tha skill interaction hypotheeea, we have no way 
to conclusively resolve this issue. It shqtjici be obvious, however, thet although VOT'mey be thought *of 
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M a single continuum, it does in fact repraaent tha conflation %f savaral ad)ustic and articuiatory 
components; thus, chanfti in VQT do not nacasaarily indicata tha davtiopmont of a singlat^unidorlying 

skill. / ^ . ^ . 



4.3 Two modais for" davalopmantal sound chanf aa 



Tha spMd with whkh tha chiidraA mova from staga II into stata W may partially account for 
the 'acro^-the-board* model of change diacuaaed by Smith' 197i Thia model, which ia simHar in some 
ways to the nineteenth cantury> neocrammarian model for Natoricai chengat daima that when e 
phonological change dccurs in a child's system^ it does so rapidly wnd applies to aH relevant forme (cf. 
the neogrammarian tenet that sound changaa have no axceptions). In ^mtraat, the lexical biffueion* 
modei, which waa originally used to 'describe historical changaa in Chinese, daima that 'a phonolof icel 
change tirojpagatea itself gradually acroaa the lexicon, from morpheme to morpheme (Chen and Wang 
1975, 25S)\ In studies of dHld phonology acquisition, avidence in support of the latter modeljhaa been 
prMnl^ by Hsieh 1972 and by Ferguson and Farwell 1975. The two modela differ prinwily in 
predictiorts about both the rate of changa (rapid versus gradual) and the nature of the change (few if 
any lexical exceptions versus many lexical axcaptiona). Both models aa used in the cWld phonology 
literature would predict at leaat some variability during the stage at' which a change ia taktrig place. 



Although the children's phonetic acquisition of aduit-^ke long lag voidng does appear to 
occur quickly (stage IH^A), we have evidence that the children ara making a phonological contrast even 
earlier, that at least one child (Tessa) was improving this conti:aat throughoOt stage H, and that for the 
two children for whom we see the acquisition process compl<ately (J^t^^ and Jane), ttie spread of the 
voicing contrast across all thrsf places of articulation takes approximately three months. Since at some 
point, the children's voiceless stops move into the perceptual boundaries for the adult voiceieaa stop 
(stage ll*B), an adult's judgment of 'acroas-the-bdard* changa ia more diractiy a function o^ the 
categorical nature of the adult's perception than a function of any categorical chenge in the ehildren'a 
production; thua, to the extent thU the chiWan lengthen the VOT of the voiceless stops (from stage 
A through stage il-6)» the^ description 'across^he-boanf *«which impliea rapid phonoid|icel change~is 
erroneous. Since the 'acrosa^the-board" label could be applied to the changes seen at at^ IHA, the 
model acct^ataly deacribea a phonetic changa but cannot account for the stow (three month) 
phonological changes , in the atop systam aa a whblei the. graduaineae of thia "chenge ii(^edicted 
correctly by the lexical diffuaion model. . . ' , « . 



. The date from all four subjects overwheMngly demonstrate that the ptKmetic VOT range for 
any phoneme will be found in any word which begina with that phoneme, providiM it is pr'oducM a 
number of timea. Thua, in |eneral« we have little avidence for the lexicai parameter assiimed by the 
l^xic'ai diffuaion model; inaofar aa thia WMcai homogeneity refutea t^ia .modei» we have evidence for a- 
model which would predict the lexical axceptiortoaa jtatura of the chenge^ aa tha across *the*boerd 
model would. Sampling^ f^owever, is again a critical factor. Although we are confident that our^data 
adequately represent each child's vocabulary (see section 2.2), we dearly did not record, on each 
session, all the words thet fhe children knew; in addition, it ia poaaiMe that we did not recof^d at 
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frequent enough intervale to futty document the time of change (cf, the preceding discussion). Thus, it 
may be that our method was ill-suited to provide data of the sort required by the lexical diffusion 
model. / 



, In summery, the gOMraily lexical-exeeptionlesa nature of the developmental/' chengee ie 
correctly predicted by the acrwi-the-board model, and the gradual spread of the phonological voicing 
contrast through the stop system corresponds to .the concept of graduaf-chenge found irt the lexicet 
diffusion model. However,'$ome words do^appear'to be exceptions to the pettern in a pprtkuier stage 
(04. Sin, Tessat \si ^ teddv. Jane), and in one fhild*s data long la^pktng mey have first appeared 
in *new' words; tl^e data ^uid be evidence for the lexical diffusMRmodeL Similarly, the trenettion 
into stage MA could be described^ 'across- the-board*. Thus, neither moda^is completely correct but 
both have important elements thet correspond weii with particular aapecta of the deta reported here. 

' " ' ■ , - ' 

4.4 Additionel findings . 



In addition to evidence for three stages in the Kqutsiflon of voicing in the stop system js a 
whole, we have some data on the order of acquisition within the System and detain the' effect of piece 
of articulation on the p roctos._F or two of the children (Tessa' and Jane)» the voicing contrast appears 
first at t>>e alveolar, th^at thelaKal and finally at the velar place of articuiatiom these children alao 
establish non-K>verlapping>aogM first at the alveolar place (see sectionw 3^ and 3.3). For one cWld 
(Jay), evidence for a contrast aoibeers^in the alveolar and velar data but not at all in the labial data. 
Foi^ three children (Tom, Tessa4nd Jane), voicing at the velar place presented more difficulty then at 
the other two placet. For both Tom arid* Tessa, /g/ shifted from the short lag region into the longer lag 
production range and thus almost into th* adult perceptual boundaries for /k/; Jane went tHrough a 
shbrt stage when /g/ was produced with extremely long lafvaluM. For all four children, voicing leed 
was prbdixed significantly more ^ften at the laWW place of articulation (see ^tione 3.1«a4), and in 
general labial mean VOT values were shorter than alveolar meens, with veler meene the longest 
Qeariy, place of articulation, with the associated aerodynamic and physiologicei differencee, ie an 
important variable in the production of voicing. Possibly related to the differential affect of place of 
arti^iation on the produc>jM of voicing is the lexical aaymmetry found in the vocabuleriee of ell four 
children in the aarliear sessions. For at laaat one child (Jane), this asymmetry— in perticuler fh9 low 
frequency of words beginning with /p/ and /g/ in her voc^ary--appeared to be an important factor 
in the acquisition of the voicing contraat itself. 



The range of individual differences with respect' to age of acquisition ia striking. iVee 
children acquired a relatively aduit-UKe voicing contrast at ail three plecee of . aiticulation by 
approximately lid; the fourth child wlio waa in ail other respecU developing normeUy hed not done so ' 
by 2;4J' More Importantly, the contraat that this child wia maintaining between and'/gd^/ moat 
likely could not have been detected by perentror* other adulta. Simiiarty, the eerlieet confraete of two 
'other children (at approximately Ifi Tessa and 13 J«ne) and possibly the first contrast of the third 
'oth4r child (at leeat by 1;7 Tom) preewiably would not have been reiiabiy detected by eduite. 

V 
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In conclusion then, the voicing contrast appears to tM learned very eariys evidence that 
children have acquired the appropriate phonoiofitai contrast miy be found in the productione of 
children as young as Ij^ However, it may take up to Eleven months before the children's productions 
ifnprove to the point where the contrasts that the children are making may be perceh/ed by adults. 
Considerable progress toward the production of an aduit^ike voicing contr'ast is typically made by the 
age of 2;0,- although there are striking IfKltvidual different Although considerable pr)Ogress is usually 
made by 2;P, it may be many months (or even yearl> before chiidreii accfuire sufficient artlculetory sidil 
to consistently produce aduit^iike vofdng (Batin and Keenigsknecht 1976; Gi^mi 1977). ^' 
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1. This rssosrch is part of tNp^sctrviUss of tho Stanford Child Phonology Projoct and has boin 
supportad by a National Sctanco Foundation Grant (Bl« 76-08968) to Chartas A. Farg uson and (Dorothy 
A. Huntington, Oapartmanis of Unguistics and Haanng and Spaoch Sciancas, Stanford Univof^. Wo 
gratofulty aiknowladge thoir support dunng aU phasas of tha rasoai'cK Wa would also IH^Mp thank 
Harold aumacK, John Kingston and Oaborah OhsioK for thair assistanca at varioua stagaa of tho data 
colloctton w6 Utm Kj|p||wv Carl MuHmr and Marsha Zlatin Laufor f<r eommonta on an aarlior^vorsion of 
this papof, A summary of this study waa ghw 0ctob«Njill977, at ^ho Socond Annual Boaton 
Univarsity Confaranca on Child Languaga Oavaiopmant, and a praflminary varsion of this papar appoars 
in tha Stanford working sariaa Paoars and Raoorts on Chitd Lan^uaaa Oavatonmant (l9T7\ miA. 

f , • ' .' ' 

2. This stiidy Is part of a cross-linguistic study of tha acquiaiti^ of tha voicing cqcititaattfn initial 
stops in English, - Spaniah and Cantonasa. Data from, tha othar languagaa and crosa-llnguiatte 
comparisons will ba traatad.in subsaquant pubUcationa^ tha Projact. 

* 3. In gaoarai, chtldf%n appaar to laarn tha voicing distinction among stops in initial poaitlon bafora 
in othar positions in tha wor* howavar, tha cWWcan in Vallan 1943, Smith 1973 and Mann 1971 
>4pparantly taarnad tha dtstrnction in final- poaitlon firsr^ h 

4. Tq insurant this study would hava longitudinal data from four chiidran, t^fth child waa 
racordad also. Had ona oi tha first withdrawn from tha study, tha fifth child wouW hava bamma 
ona of tha fc^-subjacts. Sinca Jha first four stayad in thf study, data frocH tha fifth cWld wara not 
instrumantally analyzod , 

St. Wa ara grataful to Unda Watsorf^for conducting this sasston and to Ja^^ and Wa paranta for 
consanting to this additional viait 

6;- Although conspnant harmony is a widaapraad phanomanon in child phoiftlogy (aaa Vlhman 4977), 
our iubjacts, whp wara avidantty bayond thi conaonant harmony" staga, raraly mada placa arrors (laaa 
than iX of tha productions showad placa arrors). Nivarthalaaa, tha 'corract placa of articulation* 
critarion was raqutrad to inaura that tha Engliah data would' ba comparaWa to thoaa collactad from tha' 
Pr9jact ?pan«s;i and Cantonaaa suojacts, who producad mora harmonizad forms: in aN thraa studtaa 
than ofHy 'corract* stops wara analyzad Although wa know of no shidy which damonatrataa that, 
during (ha staga whan voicing is not contraativa, a st^ substltuta in a harmonlzad production (aigip tha 
i «i t la ft[ h ] i n [ hal ti i ] f an jmia) <>f^ any diffarant from othar stopT^of tha sama placa (aig» [h] In [haW] far 
ggat a> t ha [U] i a [Ml] tan i gjiaJ , tha possibility thaf such phonas ara diffarant could not ba diacountad 
a priori; this is a topic that daaarVba saparata invaatigati^ 

7. A praliVninary study on fhia iaaua ia plannadt phonatically trainad studanta (unfamiliar with tha 
raauits of tha prasant ^aport) wtH b* aa^d to tranacriba approvimataly 75 stopa characfarizad by 
vary short VOT vaiuat^ (i^. S34 mah tha stimulua itama |o ba tranacribad ara a randomly aalactad 
autmt^f CatagoryHl^ data from Jay. 



8. TM^a also producad 10 tokana of shjgfift on thta saaaion. Howavar, sincf thia word w*aa 
producad with an initial volar atop, it. has not baan countad in fha tabuiationa. Thia waa tho only 
aaaimilatod word in har initial stop word corpua. Throughout tha study, sha producad dOMia with ^ 
initial valar stop* ^ 

h ' ^ ^ ' ^ ' 

9. Taaaa's data may hava shown a significant diffaranca batwaan /b:p/ prior to aMsiona 6 and 7| 
tha tape Jor saasion 5 waa acddantally daafroyad On saaaiona 3 and 4, tha diffaranca b«two«n thto 
moans for /b/ and /p/ waa not significant. ^ p 

10. Tho data ^ftfrTdy^/ ara put in Catagory fl-B, not bacausa tha maan for tha voimiaaa stop, falla 
noarly witNn tha adult voicad boijndary (aa in tha caaaa of othar IhB data), but bocauaa tha fmmn for 
/g/ falls naarly wttWn tha adult /K/ boundary. 



11. As in tha sWft of /ptk/ in to tha long lag ragipn, tNa sWft of /g/ into^-Wa^hoft lag ragion 
appaars to ba abrupt. Howavar, saasion » was conductad thraa waaks aftar .saaaton 3 (again b#eauao 
of tho child^s iijn#ssaa)y^and wa/,assuma that tha spparant *suddan chai^a' ia largaly ciua to aJhpling 

intarva). 



12. To invastigata tMs furthar, wa submittad a sat of (|ai iM mil (with^loaa unmarKad) to a tNrd 
obsarvar for indapandant maaauramants: Although Jha VOT valuaa for spa^fk^ itotna fraquantly 
diffarad from tha original maaauramants,' tha magnituda of tha dffaranca batwaan tha mdana for aach 
voicad-voicalass pair waa tho sama in thaxa^aajurad and original sats. .Thia agraomant domonatratoa 
that the original obaorvarr-^Md^t baan influfnoad by knoMng tha gloaa. 

, 13. Nbta, howavar; that ounixparimantal procadul^ which ancburagad ona word uttarancaa» wilt 
tar)^ to giva a lowar MLUL 

14. Wa visitad Jay in Boaton in Octobar 1977, whan ha waa 2;&19. At that tima, ho was. producing 
all votcalaaa stops with strong aapir^tion. Although wo may raasonaW^ m^fitim .that tho VOT 
chal^actaristics of Na productions waro<aot idantical to thoaa for adulta (Ia probably longar VOT valuoa 
than would ba 'found in adult spaoch), haidaarty had acquirad sn acceptably adult^tka voicing contraat 
at ail thrao placaa of articulation by Zfi.l9^M. at laaat ona month earlier than the oideat cMId 
reported in the literature. Thia confirma our aarfier hypothaais/^hat he waa witNn ttia normet range* 

15. The fourth child acquir^i an adult^ka contraat by* at leaat 2;&19 (aea aeetiAxA^ On the 
baais of the tranacriptiona, the fifth child ratordad had acquired an addt-Kke contraat at ail throA 
placea of articolat^^ at ^CaMs^27» har first recording seaaipn. 
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